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TABLE 1 
STENEOSAURUS 







Range in group I= 
74.90 M. naeutus 
73-00 M. nasutus 
72.83 S. leedsi 
71.86 S. leedsi 
71.63 S. leedsi 
71.63 -ý 74.90% = 3.2r/o 
16 64.26 S. depresSUs 
4 63.21 S. leedsi 
7 62.99 S. durobrivensis 
8 61.69 S. durobrivensis 
10 61.65 S. obtusidens 
9 61.20 S. obtusidens 
6 6o. 81 S. durobrivensis 
5 58-33 S. hul-kei 
Range in group 2= 58-33 -) 64.26% = 5.939%, 
CHARACTER 2: ratio of width of skull (outer angle of quadrates) 














lb 3.73 :1 
8 3.56 :i 
4 3.41 :1 
9 3.09 :1 
6 3.08 :1 
7 2.99 :1 
10 2.95 :1 
5 2.72 :1 
Range in group 2 2.72 + 3.73 1 
CHARACTER 3: length of the supratemporal fenestrae as a% of the total 
length of the skull 
17 13-95 






















19.6c, -ý 25.70/', - = 6.01% 
CHARACTER 4: length of the suprate, Tliporal fenestrae as a 'Jý of 
preorbital length 















Range in group 2 30.64 -) 46.470% = 15-839b' 
CHARACTER 5: width of the supratemporal fenestrae as a% of the width 
between the outer angles of the quadrates 
11 42.00 




Range in group 1 34.80 42.00,1/o = 7.209% 





5 36.36 * 
10 34. ig * 
16 33.49 
Range in group 2 33.49 + 37.825%, = 4-335' 
* This character shows overlap between the most similar end members 
of groups 1 and 2 
CHARACTER 6: width of the snout at the anterior end of the nasals 















Range in group 2 9.43 4 15.42 5.9Sr/-' 
This character shows overlap between the most similar end members 
of groups I and 2 
CHARACTER 7: width of the skull, opposite the anterior rim of the 
orbits in relation to preorbital length 






Range in group 1 17-79 4 22.871/6 = 5-08% 
16 22.20 
8 22.74 * 





Range in group 2 22.20 -ý 30.57% = 8.37/-' 
This character shows overlap between the most similar end members 
of groups 1 and 2 
CHARACTER 8: distance between the premaxillary and nasal bones as a% 





CAARAC'. L'E 8: (contd. ) 









The overlap in this character between members of groups 1 and 2 is 
most complete: 
11 62-32 * 
8 56.55 
3 55-15 * 
4 53-17 
17 52-79 * 
7 47-53 





* members of group 
TABLE 2 
METRIORHYNCHUS 
CIURACTER 1: ratio Of width of skull (outer angle of quadrates) 
to length of skull 
Com-puter number 
1.5 3.55 :1 M. super2iliosum 
45 3.46 :i M. sp. 
12 3.42 :1 M. super2iliosum 
9 3.36 : M. moreli 
14 3--V4 : M. superciliosum 
38 3.31 :1 M. sp. 
6 3.28 :1 M. moreli 
17 3.23 :1 M. - superciliosum 
81 3-16 :1 M. moreli 
21 3.14 : M. superciliosum 
42 3.09 :1 M. EPO 
3.04 :i M. superciliosum 
4o 2.95 :I M. - -7P. 
26 2.80 :1 M. superciliosum 
Range in group 1 2.80 3.55 :1 
27 2.90 :1 M. cultridens 
31 2.83 :1 M. brachyrhynchus 
29 2.83 :1 M. brachyrhynchus 
Range in group 2 2.83 2.90 1 
This character shows overlap between the end members of groups 1 and 2 
Computer numbers refer to the specimens listed in table 5 p. 
CHARACTER 2: ratio Of width between the outer angles of the prefrontals 
to length of skull 
COMIDUter number 
2 5.00 : 1 M. laeve 
14 4.57 : 1 M. a2erciliosum 
20 4.46 : i M. suDerciliosum 
21 4.45 : 1 M. superciliosum 
9 4.44 : i M. moreli 
7 4.112 : 1 M. moreli 
4.35 : M. 6D. 
12 4.22 : M. superciliosum 
15 &1 4.21 : 1 M. laeve and M. su-nerciliosum 
17 4.17 : 1 M. sulDerciliosum 
13 4.15 : I M. superciliosum 
18 4.13 : 1 M. suDerciliosLLm 
6 4.10 : 1 M. moreli 
38 4.04 : 1 M. SP. 
42 4.02 : 1 sp. 
8 3.97 : 1 M. moreli 
Range in group 3.97 5.00 :i 
31 3.85 : i M. brachynhynchus 
27 2.89 : 1 M. cultridens 
29 2.88 : i M. brachyrkynchus 
34 2.85 : 1 M. durobrivense 
30 2.83 : 1 M. brachyrhynchus 
Range in group 2 2.83 ý 3.85 




distance between premaxillae and nasals as a% of the 
total length of the skull 

















13 10.? 8 
14 10-53 
7 lo. 43 
42 7.91 





Range in group 2= 0-00 -ý 7.85% = 7.85% 
CHARACTER 4: length of the nasals as a% of the total length of the skull 













ilf , 37-35 
115 37-15 













CHARACTER 4: (contd. ) 
Computer number % 
2 30-00 
47 29.19 
This character shows a continuous range of overlap between groups 1 and 2 
members of group 2 
M. laeve not included in the computer analysis 
CHARACTER 5: length of mandibular symphysis as a% of the length 








10 4o. 29 
This character shows a continuous range of overlap between groups 1 and 2 
member of group 2 
M. sp. and M. bjiperciliosum, respectively, not included in the 
computer analysis 
CHARACTER 6: distance between the nasals and premaxillae as a% of 








CHARACTER 6: (contd. ) 
Computer number % 
36 49.07 
47 48.20 




















Range in group 1 19-53 71-73% = 52.21% 
M. suRerciliosum and M. 
-superciliosum, 
(R2065 B. M. (N. H. ) and v966 
respectively) not included in the computer analysis 
CHARACTER 6: (Contd. ) 









Range in group 2 0.00 23-01% = 23-01316' 
This character shows overlap between the most similar end members 
of groups 1 and 2 
TABLE 
PAIRING OF CALILVIAN STENEOSAURS 
ACCORDIVG TO COMPUTER NUMBER 
(see table 4) 
1 & 5 
5 & 17 
5 & 11 
1 & 9 
3 & 5 
10 &, 17 
I & 10 
9 & 17 
2 & 5 
6 & 17 
1 & 6 
7 & 17 
3 & 10 
10 & 11 
6 & 11 
I & 7 
9 & 11 
7 & 11 
2 & 10 
5 & 12 
3 & 9 
2 & 9 
3 & 6 
3 & 7 



























-TABLE 3: (contd. ) 
& 8 553 
2 & 6- 554 
lo & 16 565 
2 & 7 565 
5 & 8 570 
8 & ll 573 
8 & 17 578 
4. & 17 580 
4 & ll 592 
11 & 16 594 
4 & 1 599 
4 & lo 611 
9 & 16 617 
16 & 17 644 
7 & 16 663 
.6 & 16 670 
& 10 673 
3 & 8 674 
8 & lo 677 
4 & 9 681 
4 & 6 694 
4 & ? 714 
2 & 4 747 
1 & 11 ? 56 
5 & 7 ? 57 
2 & 16 762 
6 & 8 ? 65 
5 & 6 770 
8 & 9 770 













































Abbreviations used in tables 4 and 5: 
B. M. (N. H. ) British Museum (Natural History) 
H. M. (U. G. ) Hunterian Museum, University of Glasgow 
O. U. M. Oxford University Museum 
S. M. Sedgewick Museum, University of Canbridge 
N. M. W. National Museum of Wales, Cardiff 
C. M. P. City Museum Peterborough 
TABLE 
STEVEOSAURUS - CWPUTER NUMBERS (S. M. T. 1A) 
1. R3320 S. leedsi 
2. R3806 S. leedsi 
3. v1150 H. M. (U. G. ) S. leedsi 
4. R179 C. M. P. S. leedsi 
5. R2074 S. hulkei 
6. R3701 S. durobrivensis 
7. R2865 S. durobrivensis 
8. Rl? 5 C. M. P. S. durobrivensis 
9. R3168 S. obtusidens 
10. R178 C. M. P. S. obtusidens 
R2617 M. nasutus 
12. J1401 O. U. M. S. boutilieri 
13. J1403 O-U-M- S. boutilieri 
14. J295-50 O-U-M- S. meretrix 
15. J29851 O-U-M- S. meretrix 
16. J1420 O. U. M. S. depressus 
17. 1 S. M. M. n asu tu s 
All R numbers refer to Leeds Collection housed in the B. M. (N. H. ) 
unless otherwise indicated 
TABLE 























22. RIO C. M. P. 
23. Rl12 C. M. P. 
24.. R180 C. M. P. 
25. R18 C. M. P. 














TABLE 5: (contd. ) 
27. R38Vý M. cultridens 
28* R3541 M. cultridens 
29. R3700 M. brachyrhynchus 
30. R3699 M. brachyrhynchus 
31. R176 c. m. p. M. brachyrhynchus 
32. R3321 M. durobrivens_e, 
33. R2039 M. durobrivense 
34. R2618 M. durobrivense 
35. Rig C. M. P. M. durobrivense 
36. v962 M. sp. 
37. v965 to 11 
38. v966 TI 11 
39. v973 it tl 
40., v978 to it 





46. 2b N. M. W. 
47. A S. M. 
48. B S. M. 
49. c S. M. 
All R numbers refer to Leeds Collection housed in the B. M. (N. H. ) 
All v numbers refer to Leeds Collection housed in the H. M. M. G. ) 
unless otherwise indicated 
TABi; E 
CALCULATION OF THE WIDTH INDEX AND RANK - METRIORHYNCHUS 
COMPUTER NO. WIDTH INDEX RANK 
W/L 
31 20.8/8o. 2 . 259 1 
27 25-5/73.8 . -V+. 5 2 
30 22. V63.5 . 352 3 
12 15.0/63.4 . 236 4 
22 15.2/63.3 . 24o 5 
42 15.6/63.2 . 246 6 
21 13-9/61.9 . 22-4 7 
29 21.3/61.5 . 346 8 
6' 14.8/60.7 . 243 9 
46 14-7/6o. o . 245 10.5 
35 20.6/6o. o . 343 10.5 
18 14.5/59.9 . 242 12 
47 17-2/59.6 . 288 13 
9 13-4/59.5 . 225 14.5 
10 * /59.5 14-5 
20 13-2/59.0 . 223 16 
8 14.8/58.9 . 251 17 
45 12-9/57.6 . 223 18 
4 13-8/57-55 . 239 19 
37 13-2/57.5 . 229 21 
49 15-1/57.5 . 262 21 
7 13-0/57.5 . 226 21 
36 14.0/57.1- . 243 23 
43 13-3/56.3 . 236 24 
TABLE 6: (contd. ) 
17 13.4/56.0 . 239 25 
38 13.6/55.0 . 247 27 
39 13-0/55.0 . 236 27 
41 12-9/55.0 . 234 27 
5 14-6/54.5 . 267 29.5 
19 11-2/54.5 . 205 29.5 
32 22.9/54. o . 424 31 
26 12-8/53.0 . 241 32 
14 11 V52.2 . 218 33 
13 11-7151-0 . 229 34 
28 16-6/50.2 . 330 35 
40 15.0/49.4 -303 36 
11 lo. 7/48.7 . 219 37.5 
3, 10.9/48.7 . 223 37.5 
15 ii. V48. o . 237 39.5 
1 ii. Vi, -8. o . 237 
39.5 
2 9.0/45.0 . 200 
41 
16 8.5/43-75 . 19Lý 
42 .5 
24 8.1/43-75 . 185 
42.5 
34 14.9/42.5 . 350 
44 
48 8.9/42.0 . 211 
45 
TABLE 
SUMARY OF THE JAW MUSCLES'OF CROCODILES (after lordanEU 1964) 
JAW ADDUCTORS 
NAME ORIGIN INSERTION 
M. adductor externus 
3 portions: 
M. add. ext. superficialis postorbital, quadrato- aorsal supra angular 
jugal, quadrate 
the most superficial of the layer of fibres of the jaw adductors, 
which occupies the lateral temporal fenestra. 
M. add. ext. medius quadrate, medial to 
fibres of superficialis medial supra angular 
M. add. ext. profundus 
I 
i. anterior fibres 
ii. -posterior fibres parietal, squamosal, stem tendon 
post orbital, quadrate 
this muscle occupies the anterior part of the suprat&qnporal fenestrae, 
the posterior fibres form the only muscle originating on the surface of 
the bones in the supratemporal fenestrae 
M. add. posterior 
i. superficial fibres quadrate, medial to M. angular 
laterosphenoid and 
ls tendon 
stem tendon (ant. to 
post. fibres) 
add. ext. medius and 
lateral surface of 
middle fibres 
A tendon 
medial surface of 
A tendon and 
quadrate 
posterior part of 
floor of mandibular 
fossae: angular and 
articular 
TABLE '?: (contd. ) 
NAME ORIGIN INSERTION 
iii. deep fibre5 anterior part B tendon articular and X 
and ventral part of tendon 
quadrate 
occupies. posterior part of the supratemporal fenestrae, not distinctly 
separated from the M. add. ext. medius laterally or M. add. internus medially. 
M. adductor internus 
3 portions: 
M. pseudotemporalis lateroS*noid stem tendon 
deepest fibres not separable from the M. pterygoideus anterior 
M. pterygoideus anterior orbit walls, maxillae stem tendon 
prefrontals, pulatines, angular behind stem 
pterygoids tendon (most posterior 
fibres on X tendon) 
not distinctly separated posteriorly from the M. pterygoideus posterior 
and M. adductor posterior 
M. pterygoideus posterior U tendon i. lateral surface, 
M. intramandibularis triangular tendon in 
primordial canal of 
the mandible 
angular 
ii. inferior edge, 
angular, ventral semi- 
ring tendon. 
iii. semi-ring tendon, 
retro-articular process, 
articular bone 
stem tendon, some short 
fibres to dental, 
splenial, angular bones 
TABLE 7: (contd. ) 
JAW ABDUCTOR 
NAME 
M. depressor mandibulae 
ORIGIN 
occipital surface, 




dorsal surface of 
articular process 
of mandible 
M. capiti-mandibularis superficialis-masseter portion 
M. capiti-mandibularis medius-temporal portion 
M. capiti-mandibularis profundus-deep part of temporal mass 
(Adams 1919) 
. 
SUPPLDIENT TO TABLE 7: 
OUTLINE OF THE POSITION OF THE TENDONS (after Iordansky 1964) 
i. Tendons inserted into the sk-ull 
a) 1s: thin sheet, inserts on the laterosphenoid 
b) A: broad and strong, inserts on antero-ventral quadrate surface near 
quadratojugal suture 
c) B: large sheet, inserts on postero-medial surface of quadrate bone, 
extends backwards almost to posterior tip of mandible. 
d) U: attached to posterior and lateral borders of pterygoid "wings", 
and the posterior-medial process of these bones. Broad trough-like, 
concave upwards. 
ii. Tendons inserted into the mandible 
a) Stem tendon: originates within the M. pterygoideus anterior, is a broad 
sheet, extending backwards over crest on lateral edge of pterygoid wing, 
turns downwards to insert on antero-medial margin of mandibular fossae on 
the coronoid and angular bones. The anterior edge of this tendon terminates 
in a fibrous "pillow", adjacent to a-facet on the supra-angular and coronoid. 
11 
SUPPLEMENT TO TABLE 7: (contd. ) 
b) X tendon: flat sheet, inserts on the antero-medial border of the 
articular posterior to the attachment of the stem tendon 
c) Semi-ring tendon: extends as a half ring from the ventral border 
of retro-acticular process, to a crest on the medial border of the same 
process. 
TABLE 8 
MUSCLES ORIGINATING ON THE ISCHIUM 
MUSCLE ORIGIN INSERTION ACTION 
Pubo-ischio 3. ventral lateral proximal anterior adducts and 
femoralis externus surface surface of femur protracts thigh 
Pubo-ischio anterior proximal anterior part of 
tibialis margin of ischium tendon of 
insertion of M. 
flex. tib. int. 
Adductor femoris 
2 heads 
l. ant. border" 
2. post. border' 
anterior distal 




1. porst. ventral 
border 
3. dorsal post. 
margin 
4. ventral post. 
margin 
flat tendon to 
the medial 
proximal end 




Pubo-ischio dorsal anterior tendon to adducts thigh 
femoralis***** margin of ant. trochanter 
internus projection of the femur 
three heads, the two remaining originating on the pubis 
ventral to the pubo-ischio tibialis (Chiasson 1962, only shows 
this one) 
between the third and fourth heads of the M. flexor tibialis internus 
i. e. ventral to the third and dorsal to the fourth 
second head originating on-the ilium 
also originates on the ilium and pubis 
(Action after Chiasson 1962) 
TABLE 9 









2. most of lateral 
outer surface 
INSERTION ACTION 
trochanter of adducts thigh 
femur 
Pubo-ischio dorsal anterior 
4* femoralis inte us surface 
Pubo-femoralis*** inner anterior 
I margin 
broad tendon to adducts thigh 
trochanter of 
femur 
joins tendon of draws thigh 
insertion of M. towards body 
femero-tibialis and helps 
extend shank 
third head originating on the ischium (Chiasson 1962 only shows 
two: one on the ischium, one on the ventral surface of the pubis) 
also originating on the ilium and ischium 
often included as part of the ambiens 
(Action after Chiasson 1962) 
TABLE 10 
MUSCLES ORIGINATING ON THE ILIUM 
14USCLE ORIGIN INSERTION ACTION 
Extensor 
ilio-tibialis 
a) anterior head anterior dorsal belly of M. abducts thigh 
border/corner femoro-tibialis 
b) middle head mid dorsal crest tendon on to tibia extends shank 
c) posterior head posterior crest* joins tendon of extends shank 
middle head 
Aýmbiens short tendon from long tendon to extends shank 
anterior border Imee and foot 
Ilio-fibularis dorsal crest" long tendon to flexes shank 
ant. prox. end 
of fibula*** 
Ilio-femoralis dorsal lateral prox 3- posterior 4 abducts thigh 
surface"" surface of fe. nur 
Flexor tibialis postero-dorsal neck of tibia flexes shank 
externus corner and to tendon and extends 
Achilles foot 
Flexor tibialis 2. postero-dorsal tendon to medial flexes shank 
internus****** corner proximal surface 
of shank 
Pubo-ischio outer ventral tendon to adducts thigh 
femoralis border trochanter of 
internus******* femur 
Coccygeo femoralis lateral posterior proximal posterior retracts thigh 
brevis (Romer 1923) margin, deep to of the femur 
M. flex. tib. int. 
TABLE 10 (contd. ) 
posterior to, and superfician to the M. ilio-fibularis 
between the middle and posterior heads of the M. extensor 
ilio-tibialis 
and the lateral head of the M. gastroenemius 
deep to the mid head of the M. extensor ilio-tibialis 
a divided tendon 
four heads to this muscle (as shoim by Romer 1923), the 
remainder of which originate on the ischium (Chias5on 1962 
only shows two - one on the ischium, posterior margin, and 
this one) 
also inserts in part on the ischium and pubis (Romer 1923) 
TABLE 11 
MUSCLES ORIGINATING ON THE FEMUR 
MUSCLE ORIGIN INSERTION ACTION 
Fernoro-tibialis 1. anterior surface by a flat tendon extends shank 
2 fleshy heads 2. posterior over the knee 
surface 
other muscles insert on this tendon e. g. M. extensor 
ilio-tibialis 
TABLE 12 
MUSCLES ORIGINATING ON THE SCAPULA 
MUSCLE ORIGIN INSERTION ACTION 
Dorsalis scapulae anterior 17 of deltoid tuberosity draws humerus 
lateral surface anterior lateral anteriorly 
surface of humerus 
Teres major posterior -f of lateral, proximal draws humerus 
lateral surface border of humerus posteriorly 
Scapulo-humeralis posterior border humerus, proximal draws humerus 
(Teres minor) of the distal. to insertion of posteriorly 
of the shaft M. teres major 
Deltoides anterior ventral deltoid tuberosity draws humerus 
scapularis surface of humerus forwards 
Anconeus 3i. postero-lateral broad heavy tendon extends forearm 
margin, ventral to posterior 
to M. anconeus 2 border of ulna 
2. postero-lateral 
margin 
the M. latissimus dorsi which originates from outside the pectoral 
region, in the thoracic region, joins the tendon of insertion of 
the M. teres major, (and draws the brachium towards the body) 
(Chiasson 1962) 
said by Chiasson (1962) to originate from the antel-ior ventral 
surface of the coracoid. Haughton (1866) notes that the M. deltoides 
scapularis originates from the broad rim of the acromion, and from 
its inner surface to insert. on the deltoid ridge of the humeru5. 
four heads to this muscle, two of which are considered in table 14. 
3i. is a tendon of the divided*third head 
(Action after Chiasson 1962) 
TABLE 13 
MUSCLES ORIGINATING ON THE CORACOID 
14USCLE ORIGIN INSERTION ACTION 
Coracobrachialis anterio-ventral medial surface and draws humerus 
surface deltoid tuberosity forviards 
Supracoracoideus anterio--medial deltoid tuberosity draws humerus 
surface of the humerus forwards 
Coracoanti- tendon anterior long thin tendon flexes forearm 
brachialis to origin of M. to the ulna 
coracobrachialis 
Anconeus 3ii. proximal tendon to posterior extends forearm 
posterior border border of ulna 
tendon of divided third head of M. anconeus 
(Action after Chiasson 1962) 
TABLE 14 
MUSCLES ORIGINATING ON THE HUMERUS 
MUS= ORIGIN INSERTION ACTION 
Humero-radialis proximo-lateral tendon to proximal flexes forearm 
surface opposite anterior and medial 
deltoid tuberosity surface of radius 
Humero-anti- proximal 127 of radius flexes forearm 
brachialis anterior surface 
Anconeus l. proximal. j of broad heavy tendon extends forearm 
4 heads shaft **** to posterior border 
4. medio-posterior of ulna 
surface of shaft 
originating fibres decussate with the inserting fibres of 
M. deltoides scapularis 
originating fibres decussate with M. deltoides scapularis 
(the fleshy body of the muscle, in contrast to the inserting 
fibres) 
four heads, two of which originate on the humerus and two 
others on the scapula and coracoid 
decussating with the M. humero-radialis 
divided proximally by the inserting tendon of the M. teres 
m inor 
(Action after Chiasson 1962) 
TABLE 15 (15-22 show relative, % values) 
PETERBOROUGH 
SAMPLE NUMBER - 1 2 3 4 5 6 7 8 
CallialaspOrites 9.3 8.7 13.2 9.6 10.1 19.0 14.9 17.5 
ClassoDollis 51.6 34-5 20.4 22.4 26.7 19-8 18.7 21.0 
Alisnorites 2.4 4.8 5.0 5-0 8.6 9.1 5.2 6.3 
PodocarT)idites 0.0 0.4 0.0 o. 4 0.0 0.8 1.0 4.4 
Pityosporites 2.4 1.6 3.2 4.0 4.9 3.5 6.9 6.3 
Exesipollenites Lý. 1 5.1 10.0 8.0 6.0 5.5 7.3 6.7 
Inaperturopollenites 8.1 17.8 16. o 11.2 10.9 9.1 6.9 5-5 
PerinoDollenites 2.0 1.2 4.8 5.6 4.1 7.5 4-5 7.9 
Cerebropolienites 0.0 0.0 0.0 0.4 0.0 0.0 0.0 o. 4 
CycadoT)ites 1.2 0.0 0.8 0.8 0.7 0.8 0.0 o. 4 
Broken bisaccates 0.0 2.4 3.2 3.6 1.1 0.0 1.7 2.4 
Deltoidospora 4.1 9.1 1ý. )L 2.0 6.0 2.8 4-5 2.4 
Concavisporites 0.4 0.0 0.4 0.8 0.0 0.4. 0.3 0-0 
Concavissimi-sDorites 0.0 0.0, 2.0 0.0 1.1 0.0 0.0 0.4 
Triplanosporites o. 8 0.8 1.2 0.0 0.7 0.0 0.0 o. 8 
Densoisporites 0.0 1.2 o. 4 o. 4 0.7 0.0 0.0 0.0 
IschyosDorites 0.4 0.0 0.4 0.4 0.0 0.0 0.0 0.4 
Lycopodiumsporites 0.8 1.2 0.0 0.8 0.0 0.0 0.0 o. 8 
Uvaesnorites 0.0 o. 4 0.0 0.0 0.0 0.0 0.0 0.0 
Todisporites 0.4 0.0 0.0 0.4 0.0 0.0 0.7 0.8 
Osnundacidites 0.0 0.8 0.0 0.8 0.4 0-0 0.3 0-0 
FoveosDorites 0.0 0.0 0.8 0.0 0.0 0-0 0.3 0-0 
StaDlinisporites 0.0 0.0 0.0 0.4 0.0 0.0 0.0 o. 4 
VariruRosisporites 0.0 0.0 
-0.0 
0.0 0.0 0.0 0.3 0-0 
Neveis-oorites o. 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Iývcopodiacidites 0.4 0.0 0.0 0.0 0.0 0-0 0-0 0-0 
TABLE 15 (contd. ) 
SAMPLE NUMBER - 9 10 11 12 13 14 15 1, 0 
Callialasporites 19.5 21.9 22.3 18. o 10.0 12.3 16.8 15.2 
Classopollis 14.1 20.6 19.0 16.4 11.2 11.1 11.2 11.2 
Alisporites 4.2 6.9 6.2 10.3 12.7 6.9 14-8 13.2 
Podocamidites 1.1 0.0 0.0 0.4 0.4 0.0 0.0 0.0 
Pit. yos-porites 5.8 4.8 1.2 5.2 5-4 3.7 5.6 7.6 
Exesi-pollenites 5.8 4.4 7.8 6.8 5.4 7.4 5.6 4.4 
Inai: )erturoDollenites 5.8 6.4 7.0 6.8 
6.6 7.8 4.8 4-. 8 
Perinopolienites 8.0 0.0 4.9 4.0 3.9 3.7 4.8 3.6 
Cerebropollenites 1.1 2.0 2.0 3.6 3-1 2.4 2.4 1.6 
Cycado-pites 0.0 0.0 l. 6 1.6 1-5 1.6 0.8 0.0 
Broken bisaccates 4.6 3.2 3.2 5.2 5.8 4.1 4.0 7.2 
, 
Deltoidospora 1.9 3.2 2.4 2.0 2.3 1.2 1.6 0.8 
. 
Concavisporites o. 8 o. 4 o. 4 o. 4 0.0 o. 4 0.0 0.0 
Concavissimis-porites 0.4 0.4 0.8 0.0 0.0 0.0 o. 8 o. 8 
TriplanosD2rites 0.4 0.4. 0.4 0.0 0.0 0.8 0.4 O. Lý 
Densoisporites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ischyosporites 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
LycoDodiumsioorites 0.4 0.0 0.4 0.4 0.0 0.4 0.0 0.0 
Uvaesporites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Toais-porites 0.4 0.0 0.8 0.4 0.0 0.0 0.0 0.8 
Owundacidites 0.0 0.0 0.0 0.0 o. 4 0.0 0.0 0.0 
Foveos-porites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
StaDlinisDorites 0.0 0.0 o. 4 0.0 0.0 0.0 0.0 0.0 
Variruf-, osisporites 0.0 0.0 0.0 0.0 o. 4 o. 8 0.0 0.0 
NeveisDorites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Obtusisporis 0.0 0.0 0. ýO 0.0 0.0 0.0 0.0 0.4 
TABLE 12 (contd. ) 
SAMPLE NUMBER 1 2 3 4 5 6 7 8 
Lithodinia 2.0 1.2 4.4 5.2 4.1 3.9 3.1 2.0 
Gonyaulacysta 0.8 1.2 1.2 2.0 3.4 2.8 1A 0.8 
Sentusidinium 2.0 1.6 1.6 4.4 2.6 3-4 2.4 2.8 
Caligodinium 3.2 2.4 4.8 4.8 4.1 7.5 7.6 4.8 
Ctenodinium 1.6 0.8 0.8 1.2 1.2 1.2 1.2 o. 4 
Pareodinia 1.6 0.0 2.8 1.2 0.? 0.8 0.0 0.0 
Broken dinoflagellates 0.0 0.0 0.8 0.8 0.0 0.0 0.0 1.6 
Leiosphaeridia 2.4 2.8 2.4 1.2 1-5 3.2 3.1 3.2 
9 10 11 12 13 14 15 16 
Lithodinia 5.0 5.7 4.9 2.8 5.4 7.8 0.4 5.6 
GonyaulaCysta 1.9 3.6 2.4 2.4 3.5 3.7 3.2 4.8 
Sentusidinium 4.8 1.6 2.8 1.2 6.0 5.6 5.2 4.4 
Caligodinium 5.8 5.6 4.9 5.6 6.6 5.3 5.2 6. o 
'Ctenodinium 2.0 1.6 2.0 0.8 2.4 2.0 2.0 2.4 
Pareodinia 0.4 1.6 1.6 o. 8 1.9 2.4 1.6 3.2 
Broken dinoflagellates 1.5 2.8 2.0 1.2 3.1 5.8 2.8 1.2 
Leiosphaeridia 2.? 2.4 2.4 3.2 2.3 2-5 3.2 3.6 























TABLE 15 (contd. ) 
17 18 19 20 21 22 23 24 
10.9 20.2 17.6 17.9 20.5 24.8 23.2 21.2 
12.1 14.6 11.6 19.1 23.5 14.8 8.8 15.6 
11.7 8.3 8.0 8.6 10.1 6.4 6.4 3.6 
0.4 0.8 2.8 1.2 1.1 0.0 0.0 0.0 
6.5 3.9 5.6 5.1 6.7 0.0 0.0 0.0 
7.? 7.5 7.2 5.1 4.5 7.2 8. o 9.6 
2.8 4.3 2.4 1.9 3.4 9.2 11.2 11.2 
2.0 2.4 2.8 0.0 0.? 1.6 0.0 4.8 
2.0 0.0 2.4 0.8 0.4 0.8 0.0 0.0 
1.2 0.8 o. 4 0.0 0.0 1.2 2.8 0.4 
7.3 3.9 2.4 4.3 4.8 2.8 0.0 0.8 
3.2 2.4 2 .4 1.5 1.1 2.0 1.2 6. o 
o. 8 0.0 0.0 0.0 0.7 0.4 0.0 0.0 
0.4 0.4 0.0 
. 
0.4 0.0 1.6 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 o. 4 o. 4 0.0 0.0 0.0 0.0 0.0 
0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.4 
o. 4 0.0 o. 4 0.0 0.0 o. 4 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TABLE 15 (contd. ) 
SAMPLE NU14BER - 25 26 
CallialasDorites 28.3 13.6 
Classopollis 19.7 2?. 2 
AlisDorites 5.8 2.0 
Podocarpidites 0.0 0.0 
Pityosporites 2.7 0.8 
Exesipollenites 4.4 7.4 
Inaperturopollenites 14.6 26.0 
Perinopollenites 0.3 1.6 
CerebroDollenites 0.0 0.4 
Cycadopites 1.0 0.0 
Broken bisaccates 2.4 0.8 
Deltoidospora 4.4 7.0 
Concavisporites 0.0 0.0 
Concavissimisporites 0.0 1.2 
Triplanosporites 0.0 o. 4. 
Densoisporites 0.3 o. 4 
Isckyosporites 0.0 0.0 
L-yco-oodiumsDorites 0.0 o. 8 
Uvaesporites 0.0 0.0 
Todisporites 0.0 0.0 
Omundacidites 0.3 0.0 
Neveisporites 0.0, o. 4 
Lycopodiacidites 0.0 0.4 
TABLE 15 (contd. ) 
SAMPLE NUMBER - 17 18 19 20 
Lithodinia 5.6 4.3 3.6 7.4 
Gonyaulacysta 4.4 2.4 4.4 2.3 
Sentusidinium 4.4 7.2 8. o 4-8 
Caligodinium 4.4 7.1 4.8 6.2 
Ctenodinium 2.8 2.0 2.0 2.6 
Pareodinia 2.0 0.8 2.4 1.9 
Broken dinoflagellates 3.2 1.2 2.8 1.5 
Leiosphaeridia 4.4 4.3 5.6 3.1 
25 26 
Lithodinia 3.7 0.4 
Gonyaulacysta 2.7 1.6 
Sentusidinium 2.0 2.4 
Caligodinium 2.0 1.2 
Ctenodinium 1.6 0.0. 
Pareodinia 1.0 0.4 
Broken dinoflagellates 1.4 2.0 
Leiosphaeridia 1.4 1.6 
21 22 23 24 
4.1 3.6 6. o 6.4 
4.8 2.4 6.8 4.4 
4.8 4.2 7.2 3.6 
4.8 7.2 9.6 5.2 
2.0 3.6 2.8 1.2 
1.1 2.4 2.8 1.2 
0.0 0.0 0.0 1.2 
1.5 2.4 3.6 4.4 
TABLE 16 
STaIARTBY 
S94PLE NUMBER - 1 2 3 4 5 6 7 8 
Callialasporites 12.2 10.8 9.1 18.9 13.8 16.8 16.2 19.? 
Classopollis 33.8 42-5 50.3 13.5 16.7 14.8 15.8 14-0 
Alisporites 7.1 4.4 7.5 9.6 13.1 10.9 10.4 7.2 
Podocarpidites 0.4 0.0 0.0 0.0 1.6 0.8 0.0 0.0 
Pityosporites 2.4 3.2 3.6 2.7 2.0 3.5 3.5 2.4 
Exe. ýip6llenites 13.0 8.0 7.1 10.0 7.9 7.0 7.7 6.4 
Inar)erturo-pollenites 6.3 4-0 3.2 7.7 5.9 8.2 7.7 6.8 
Perinopollenites 0.8 0.4 1.6 3.9 2.4 2.3 5.8 6.8 
Cerebropollenites 0.0 0.0 0.0 1.9 1.6 1.9 o. 4 2.0 
Cycadopites 0.8- 0.0 0.0 0.0 0.4 0.4 0.0 0.0 
Broken bisaccates . 0.0 2.4 0.0 3.1 5.9 0.8 3.5 2.4- 
Deltoidospora 4.7 3.2 3.2 1.5 3.2 2.7 5.8 1.2 
Concavisporites 1.2 2.0 0.0 0.4 0.4 0.0 o. 4 0.0 
Concavissimisporites 0.4 1.2' 0.0 0.0 1.2 o. 4 0.4 0.4. 
Triplanosporites 0.0 0.0 1.2 0.0 0.0 0.8 0.4- 0.4 
Densoisporites 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 
Ischyosporites 1.6 o. 8 0.8 0.0 0.0 0.4 0.0 0.4 
IýycoT)odiumsporites 0.4 0.4 0.4 1.2 0.4 0.0 0.4 0.0 
Uvaes-porites 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
Todisporites 0.0 o. 4 o. 4 0.0 0.0 0.0 o. 8 0.0 
Omundacidites 0.0 0.0 0.0 0.8 0.0 0.0 0.4 0.0 
Vitreisporites o. 4 0.0 0.8 0.0 0.0 0.0 0.0 0.0 
TABLE 16 (contd. ) 

























9 10 11 12 13 14 
23.1 18.4 13.0 13.9 11.9 9.0 
16.4 15.9 22.1 24.0 24.8 22.9 
4.0 12.3 9.5 9.7 7.9 6.8 
0.0 o. 4 0.0 o. 4 1.4 0.0 
3.1 4.3 3.2 3.1 2.5 1.8 
8.2 7.2 4.4 4.2 3.2 9.0 
9.4 6.1 9.9 lo. 8 16.9 19.3 
4.3 4.0 4.4 2.3 3.6 5.0 
0.8 2.5 2.8 2.7 4.3 4.6 
o. 8 0.0 o. 4 o. 8 0.0 0.0 
1.6 2.2 2.0 1.9 2.1 0.7 
3.1 3.3 4.8 6.6 6. -5 
6.4 
1.2 0.0 0.0 1.5 1.4 1.1 
1.6 0.0 0.8 * 0.4 1.4 0.0 
0.8 0.0 0.0 1.9 0.7 0.7 
o. 4 1.1 0.0 0.0 0.0 0.7 
0.0 0.4 1.2 0.0 0.0 1.4 
o. 4 o. 4 1.6 o. 4 1.4 1.1 
0.0 0.4 0.8 0.4 1.1 0.3 
o. 4 0.0 0.0 o. 4 o. 4 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.4 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 o. 8 o. 8 0.0 0.0 
0.0 0.7 0.4 0.4 0.11- 0.0 
TABLE 16 (contd. ) - 
SPI, TLE NUMBER - 1 2 3 4 5 6 
Lithodinia 3-9 2.8 1.6 5.0 4.3 7.4 
Gonyaulacysta 0.8 1.2 0.4 2.7 2.4 2.7 
Sentusidinium 2.8 3.6 2.4 3.2 4.0 4.4 
Calig6dinium 4.7 5.2 2.4 6.9 5.1 6.6 
Ctenodinium 0.8 0.0 0.4 1.2 0.4 1.2 
Pareodinia 0.8 0.0 0.0 0.0 o. 8 1.2 
Broken dinoflagellates 0.4 3.2 1.4 2.7 2.8 0.8 
Leiosphaeridia 3.1 1.6 3.2 3.5 3.2 3.9 
9 10 11 12 13 14 
Lithodinia 3.1 4.0 3.6 2.3 1-8 1-4 
Gonyaulacysta 0.8 J. Lý o. 8 o-4 0-7 0.3 
Sentusidinium 3.6 5.3 3.2 4.8 0.4 2.5 
Caligodinium 6.3 5.8 4.4 3.5 2.5 1.8 
Ctenodinium 2.0 1.6 1.6 0.8 0.4 1.2 
Pareodinia 1.6 1.1 0.4 0.4 1.1 2.1 
Broken dinoflagellates 0.0 1.4 1.2 0.0 0.0 0.0 












SAMPLE NUMBER 2 3 4 5 6 7 8 
Callialasporites 8.0 7.8 q .8 15.8 17.6 15.5 24.5 25.8 
Classopollis 46.2 22.3 19.9 18.0 21.? 14.3 9.3 16.0 
AlisDorites 3.8 9.0 8.2 11.9 11.5 8.7 8.6 6.6 
Podoca-rpidites 0.0 0.0 0.0 6.1 2.9 0.0 0.0 0.8 
Pityosporites 2.3 3.9 3.9 0.8 0.0 5.3 3.5 5.1 
Exe8ipoýlenites 8.4 13.3 ?. 0 8.8 5.7 4.9 14.8 10.5 
Ina-perturopollenites 13.0 17.6 21.0 9.2 ?. 4 9.1 4.? 11.3 
PerinoDollenites 0.0 0.0 1.2 0.4 1.6 6.4 3.1 1.2 
Cerebropollenites 0.0 0.4 1.2 o. 8 0.0 1.1 0.4 1.9 
Broken bisaccates 0.0 o. 4 0.0 2.7 0.4 1.5 1.5 2.3 
Deltoidospora 4.6 5-1 4.? 1.9 2.0 1.9 3.9 o. 8 
Concavisporites 2.7 3.5 1.6 0.0 0.0 1.9 1.2 1.2 
Concavissimisporites 2.3 1.6 2.3 3.1 2.0 0.0 0. *8 2.7 
Triplanos-oorites 1.5 3.5' 0.4 0.8 1.6 0.4 1.5 0.0 
Densoisporites 0.0 0.0 0.0 0.4. 0.0 0.0 0.0 0.0 
Ischyosporites 0.0 0.4 0.0 0.0 1.2 0.0 0.0 0.0 
Lycopodiumsporites 0.0 0.4 0.0 0.4 0.8 0.8 0.0 0.0 
Uvaesporites 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 
Todisporites 0.0 0.0 0.4 0.0 0.4 1.1 0.0 0.0 
Obtusisporis 0.0 o. 4 o. 8 1.5 0.0 1.9 0.8 0.0 
Vitreisporites 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
TABLE 17 (contd. ) 
SPEPLE NUMBER - 9 19 11 12 13 14 15 16 
Callialasporites 23.7 20.2 32.3 23.3 21.0 25.6 19.1 28.9 
Classopolli s 15.0 14.2 19.8 17.1 17.5 T7.8 20.2 26.9 
Alisporites 7.9 7.1 3.5 6.5 3-9 6.6 5.4 3.9 
PodocarDidites 2.0 0.0 1.6 2.3 2.3 0.0 0.0 2.0 
Pityosporites 6.3 5.6 2.3 2.7 1.6 3.5 1.9 2.3 
Exe sipolleni-tes 11.8 13.8 8.9 14.9 17.9 12.8 6.6 12.5 
InaperturoT)ollenites 5.1 3.4 5.4 6.5 5-4 3.1 9.3 8-5 
Perinopoll-enites 3-9 4 .5 7 2.3 1.1 
4.2 5.8 2.0 
Cerebropollenites 0 .0 1.5 0-4 0.8 0.8 0-8 0-0 0-8 
Broken bisaccates 0.0 2.2 0.8 0.1, 0.4- 0.0 0.8 0.0 
DeltoidosDora 0.4 3.0 0.0 1.1 1.1 1.5 0.0 o. 8 
Concavisporites 2.0 1.5 1.9 1.1 0.0 0.0 0.4 0.0 
Concavissimisporites 1.6 1.5 1.1 1.1 2.7 1.1 o. 4 2.3 
Triplanosporites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Densoisporites 0.0 0.0- 0.0 0.0 0.0 0.0 0.0 0.0 
IschyosDorites 0.0 0.0 0.0 0.4 0.0 0.0 O-d 0.0 
Lycopodiimsporites 0.0 0.0 0.0 0.0 0.0 0.0 0.4. 0.0 
Uvaesporites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Todisporites 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
Obtusisporis o. 4 1.1 0.8 0.0 0.0 o. 4 0.0 0.0 
Vitreisporites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 
TABLE 17 (contd. ) 
SAMPLE NUMBER - 17 18 19 20 21 22 
Callialasporites 28.2 31.0 30.5 26.0 33.8 18.3 
ClassoDollis 15.0 14-1 9.6 6.5 8.2 6.9 
Alisporites 9.1 S.? 8.5 11.9 8.9 11-4 
Podocarpidites 0.0 0.0 0.0 o. 4 0.8 0.0 
Pityosporites 0.8 2-7 5.0 3.5 3.5 7.3 
Exeýjpoýjenjtes-- 11.5 11-9 7.7 8.0 7.9 10.2 
Inaoerturopollenites 19-4 15.1 13.9 11.9 9.3 12.6 
Perinopollenites 2.0 0.8 1.9 2.7 2-3 2.4 
CerebroDollenites 1.6 0.0 1.5 1.5 1.1 0.8 
Broken bisaccates 2.0 0.8 1.1 1.9 1.1 2.8 
Deltoidospora 2.8 3.1 2.3 1.5 1.5 1.6 
ConcavisDorites 0.8 0.0 1.1 0.4 0.0 0.8 
Concavissimisporites 2.4 3.1 0.0 1.1 1.1 0.11- 
Triplanosporites 0.8 1.6 1.5 0.4 0.0 0.0 
DensoisDorites 0.0 0.0. 0.0 0.0 0.0 0.4 
Ischyosporites 0.0 o. 4 0. '0 0.0 0.0 0.0 
Lycopodiumsporites 0.0 0.0 0.0 0.0 0.0 0.4 
UvaesDorites 0.0 0.0 0.0 0.0 0.0 0.0 
Todisporites o. 4 0.0 0.0 0.0 0.0 0.0 
Obtusisporis 0.0 0.0 0.0 0.0 0.4 0.0 
VitreisiDorites 0.0 0.0 0.0 0.0 0.0 0.4 
TABLE 17 (contd. ) 
SAMPLE NUMBER - 1 2 3 4 5 6 8 
Lithodinia 0.0 0.0 0.4 1.9 0.4 1.9 2.? 4.3 
Gonyaulacysta 0.0 1.2 o. 8 1.1 2.9 0.4 4.3 1.6 
Sentusidinium 0.4 o. 8 2.0 2.0 4.0 4.0 4.4 3.6 
Caligodinium 0.8 0.8 3.1 3.5 2.4 3.8 4.7 5.5 
Ctenodinium 0.0 0.4 1.6 1.6 3.2 2.4 2.4 1.6 
Pareodinia 0.0 0.4 1.6 2.3 3.? 3.8 2.7 1.6 
Leiosphaeridia 6.1 6.6 7.4 4.2 5.7 6.4 0.0 2.7 
9 10 11 12 13 14 15 16 
Lithodinia 3.5 3.0 2.3 3.4 3.5 4.2 3.9 0-11- 
Gonyaulacysta 2.8 1.9 3.1 2.3 4.1 ?. o 6.6 1.6 
Sentusidinium 4.0 7.2 4.0 9.2 6.8 4.4 9.6 2.8 
Caligodinium 5.1 5.2 4.? 1.5 4.6 4.2 6.2 1.6 
Ctenodinium 2.0 1.6 0.8 2.0 2.8 1.2 2.0 1.6 
Pareodinia 1.6 0.4 0.8 o. 8 1.5 1.5 1.1 0-0 
Leiosphaeridia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17 18 19 20 21 22 
Lithodinia 2.0 o. 4 2.3 3.0 2.? 4.8 
Gonyaulacysta 2.4 1.4 1.1 o. 4 1.5 0.0 
Sentusidinium 2.8 1.6 1.6 6.8 6.3 5.6 
Caligodinium 2.4 2.4 3.9 4.6 2.3 4.4 
Ctenodinium 1.6 2.8 0.8 4.0 2.8 4.0 
Pareodinia 0.0 0.0 0.4 2.3 3.5 2.8 
LeiosDhaeridia 4. o o. 4 
. 
3.1 0.0 0.8 1.6 
Adnatosphaeridium 0.0 0.0 0.0 0.0 0.8 0.0 
TABLE 18 
CALVERT 
SAMPLE NUMBER - 1 2 3 4 5 6 7 8 
Callialaspcrites 6.2 8.9 14.6 28.4 24.1 27.9 23.? 27.2 
Classopollis 43.5 22.8 25.? 13.6 12.4 7.1 14.5 11.4 
Alisporites 4.2 8.9 7.1 8.9 10.9 9.4 8.4 7.5 
Podocarpidites 0.0 0.8 0.0 1.2 0.0 0.0 0.0 0.0 
Pityosporites 1.9 3.6 2.0 4.3 5.0 5.1 3.8 1.2 
Exefýip6ý. lenites 7.8 10.2 7.1 8.6 10.1 8.3 9.6 9.1 
Inaperturopollenites 10.1 14.6 11.5 2.7 6.2 4.7 4.6 6.7 
Perinopollenites 1.9 3.6 2.3 4.2 5.0 3.1 3.1 6.7 
Cerebropollenites 0.8 1.6 1.2 o. 8 0.4 1.2 0.8 1.2 
Cycadopites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Broken bisaccates 0.0 1.6 2.3 0.4 0.4 3.5 o. 4 0.0 
Deltoidospora 5.0 5.7 3.2 1.9 1.9 3.1 2.3 1.6 
Concavisporites 0.4 0.8 1.6 1.2 0.0 0.4 1.5 0.0 
Concavissimisporites 2.3 4.1* 3.9 1.9 1.5 1.2 1.1 o. 8 
Tri-olanosporites 0.8 1.2 0.4 0.8 1.2 0.8 0.0 0.4 
Densoisporites 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.4 
Ischyosporites 0.0 0.8 0.0 0.0 0.4 0.8 0.0 0.0 
LycopodiUMsl)orites 0.0 0.8 1.2 0.0 0.0 0.4 0.0 0.0 
Uvae sporites 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 
Todisporites 0.0 0.0 o. 4 0.0 0.0 0.0 0.0 0.0 
Osmundacidites o. 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Lyconodiacidites o. 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Obtusisporis 0.0 0.0 0.4 0.4 0.4 0.4 0.0 1.2 
























TABLE 18 (contd. ) 
9 10 11 12 13 14 15 16 
30.8 16.3 20.9 17.1 15.8 15.9 23.4 - 17.0 
?. 9 24.2 20.4 25.3 41.2 30.0 30.3 25.2 
?. 5 11.1 10.4 8.2 6.8 10.9 8.3 13.0 
0.0 0.0 2.4 0.8 0.3 0.0 0.4 0.4 
2.4 3.2 0.0 4.1 1.4 3.9 3.8 4.9 
7.1 7.9 8.8 5.9 6.8 4.3 3.0 4.5 
7.5 4.4 4.4 11.4 7.9 9.3 7.5 11.0 
3.9 1.2 2.4 2.4 2.5 2.7 2.6 2.0 
0.4 1.2 0.4 o. 8 0.0 1.2 0.0 o. 8 
0.0 0.0 0.0 o. 8 0.0 0.0 0.0 0.0 
0.0 3.2 2.4 1.6 1.4 3.5 0.4 o. 4 
2.8 1.6 0.0 1.2 3.2 2.7 6.4 6. o 
0.4 0.0 1.6 1.6 0.7 0.3 o. 4 1.2 
1.2 o. 4 1.6 2.0 3.2 1.6 3.4 0.0 
1.2 0.0* 0.0 0.8 0.3 1.6 0.8 2.8 
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.8 
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 
0-0 0.0 0.0 0.0 0.3 0.0 0.0 0.4 
0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 
0.0 0.0 0.0 o. 8 0.0 0.0 0.8 0.0 
TABLE 18 (contd. ) 
SAMPLE NUMBER - 1 2 3 4 5 6 7 8 
Lithodinia 0.4 0.0 0.0 3.5 1.9 3.5 3.8 2.8 
Gonyaulacysta 0.4 0.0 o. 8 1.2 0.8 1.6 1.5 3.5 
Sentusidinium 4.3 4.4 7.1 5.9 6.4 6.4 8.2 7.9 
Caligodinium 3.1 0.0 1.2 3.1 4.1 3.5 3.1 2.8 
Ctenodinitm 2.3 1.2 1.6 2.0 2.4 2.8 2.7 2.0 
Pareodinia 1.4 0.8 o. 8 0.8 1.5 1.6 1.5 1.6 
Broken dinoflagellates 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 
LeiosDhaeridia 3.5 3.2 3.5 1.9 1.9 1.6 3.4 3.9 
Adnatosphaeridium 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 
9 10 11 12 13 14 15 16 
Lithodinia 3.9 4.8 5.2 o. 4 0.0 0.8 0.4 0.0 
Gonyaulacysta 2.8 2.4 4.4 1.2 1.1 0.8 0.0 0.0 
Sentusidinium 8.7 5.4 6. o 2.0 . 2.8 3.2 
3.5 2.8 
Caligodinium o. 8 3.2 2.8 2.4 1.8 3.5 1-5 1.6 
Ctenodinium 2.8- 2.4 2.4 1.2 1.2 1.6 1.6 1.6 
Pareodinia 5.1 4.0 2.8 0.0 0.7 0.0 o. 4 0.0 
Broken dinoflagellates 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 
Leiosphaeridia 2.8 3.2 0.0 0.4 0.3 1.6 0.0 1.6 
Adnatosphaeridium 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 
TABLE 12 
RELATIVE %Is OF THE 15 SPORE GROUPS FRO14 PETEPMROUGH 
SAMPLE NUMBER - 1 2 3 4 5 7 8 9 
GROUP NUMBER 
1 0.8 2.8 0.4 1.2 0.7 0.0 0.3 0.8 o-4 
2 5.3 9.9 6.0 2.8 6.7 3.2 4.8 5.3 3.1 
2A 0.0 0.0 2.0 0.0 1.1 0.0 0.0 0.4 o. 4 
3 0.1ý 0.8 0.0 1.2 o. 4 0.0 1.0 0.8 0.4 
4 0.4 0.4 o. 4 0.4 0.0 0.0 0.0 0.4 0.4 
5 8.1 1?. 8 16.0 11.2 10.9 9.1 6.9 5.5 5.8 
6 9.3 8.7 13.2 9.6 10.1 19.0 14.9 17.5 19.5 
? 4.8 9.2 11.4 13.0 14.6 13.4 14.8 19.4 15.7 
8 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.4 1.1 
9 4.1 5.1 10.0 8. o 6.0 5.5 7.3 6.? 5.8 
10 51.6 34.5 20.4 22.4 26.7 19.8 18.7 21.0 14.1 
11 2.0 1.2 4.8 5.6 4.1 7.5 4.5 7.9 8.0 
12 2.4 2.8 2.4 1.2 1.5 3.2 3.1 3.2 2.7 
13 6.8 4.8 7.6 11.4 7.8 11.1 11.4 9.6 13.8 
14 2.8 2.4 5.6 7.2 7.5 6.7 4.5 2.8 6.9 
15 1.6 0.0 2.8 1.2 0.? 0.8 0.0 0.0 o. 4 
TABLE 19 (contd. ) 


















0.0 o. 4 0.4 
4.0 3.2 2. L 
o. 4 0.8 0.0 
0.0 0.8 o. 4 
0.0 0.0 0.0 
6.4 '7.0 6.8 
21.9 22.3 18.0 
14.9 10.6 21.6 
2.0 2.0 3.6 
4.4 7.8 6.8 
20.6 19.0 16.4 
0.0 4.9 4.0 
2.4 2.4 3.2 
11.6 11.8 8.8 
9.3 7.3 5.2 


































0.0 0.0 0.4 0.4 
2.0 1.6 4.0 2.4 
0.0 0.8 0.4 0.4 
0.0 0.0 0.0 o. 4 
0.0 0.0 0.0 0.4 
4.8 4.8 2.8 4.3 
16.8 15.2 10.9 20.2 
24.4 28.0 25-9 16.9 
2.4 1.6 2.0 0.0 
5.6 4.4 7.7 7.5 
11.2 11.2 12.1 14.6 
4.8 3.6 2.0 2.4 
3.2 3.6 4.4 4.3 
13.0 14.0 14.8 17.3 
3.6 10.4 10.0 6.7 
1.6 3.2 2.0 0.8 
TABLE 19 (contd. ) 
SAMPLE NUMBER - 19 20 21 22 23 24 25 26 
GROUP NUMBER 
1 0.8 0.0 0.0 0.4 0.0 0.0 0.3 1.2 
2 2.4 1.5 1.8 2.4 1.2 6.0 4.4 7.4 
2A 0.0 0.4 0.0 1.6 0.0 0.0 0.0 -1.2 
3 0.0 0.0 0.0 0.0 0.0 0.4 0.3 0.0 
4 0.0 0.0 0.0 0.0 0.0 0.4 0.0 o. 4 
5 2.4 1.9 3.4 9.2 11.2 11.2 14.6 26.0 
6 17.6 17.9 20.5 24.8 23.2 21.2 28.3 13.6 
7 18.8 19.1 23.7 9.2 14.4 4.2 -10.9 3.2 
8 2.4 0.8 0.4 o. 8 0.0 0.0 0.0 0.4 
9 ?. 2 5.1 4.5 7.2 8.0 9.6 4.7 ?. 4 
10 11.6 19.1 23.5 14.8 8.8 15.6 19.7 27.2 
11 ? -. 
8 0.0 0.7 1.6 0.0 4.8 0.3 1.6 
12 5.6 3.1 1.5 2.4 - 3.6 
4.4 1.4 1.6 
13 17,,. 6 15.0 10-8. 16. o 19.2 10.2 6.4 5.2 
14 8.0 9.7 8.9 6. o 12.8 10.8 6.4 0.4 
15 2.4 1.9 1.1 2.4 2.8 o. 4 1.0 0.0 
TABLE 20 
RELATIVE %Is OF THE 15 SPORE GROUPS FRO14 STLVIARTBY 
SAI, IPLE NUMBER 1 2 3 4 5 6 7 8 
GROUP DJUIIBER 
1 0.4 0.4 0.4 1.2 o. 4 0.0 1.2 o. 4 
2 5.9 5.2 4.4 1.9 3.6 3.5 6.6 1.6 
2A 0.4 1.2 0.0 0.0 1.2 0.4 0.4 0.4 
3 0.0 0.4 0.4 o. 8 o. 4 0.0 1.2 0.0 
4 1.6 0.8 0.8 0.0 0.0 0.4 0.0 0.4 
5 6.3 4.0 3.2 7.7 5.9 8.2 7.7 6.8 
6 12.2 10.8 9.1 18.9 13.8 16.8 16.2 19.7 
7 10.3 10.0 11.9 15.4 22.6 16.0 17.4 12.0 
8 0.0 0.0 0.0 1.9 1.6 1.9 o. 4 2.0 
9 13.0 8.0 7.1 10.0 7.9 ?. o 7.7 6.4 
10 33.8 42.5 50.3 '13.5 16.7 14.8 15.8 14. o 
11 0.8 0.4- 1.6 3.9 2.4 2.3 5.8 6.8 
12 3.1 1.6 3.2 3.5 3.2 3.9 2.3 2.4 
13 8.3 8.8 5.2 11.3 9.5 12.2 10.9 10.0 
14 4.7 4.0 2.0 7.7 6.7 10.1 3.5 6.8 
15 0.8 0.0 0.0 0.0 0.8 1.2 3.8 8.4 
TABLE 20 (contd. ) 

















10 11 12 13 14 
0.8 1.9 2.4 o. 8 2.5 2.1 
5.4 3.3 5.6 2.7 8.? 8.3 
1.2 0.0 o. 8 1.9 1.4 0.0 
0.4 0.0 0.0 0.4 0.4 0.0 
0.0 0.4 1.2 0.0 0.0 1.4 
9.4 6.1 9.9 lo. 8 16.9 19.3 
23.1 18.4 13.0 13.9 11.9 9.0 
8.7 17.7 15.1 13.6 14.3 9.3 
0.8 2.5 2.8 2.? 4.3 4.6 
8.2 ?. 2 4.4 4.2 3.2 9.0 
16.4 15.9 22.1 24.0 24.8 22.9 
4.3 4.0 4.4 2.3 3.6 * 5.0 
2.3 0-0* 3.2 2.3 1.1 0.0 
11.9 12.7 9.2 9.1 3.3 5.5 
3.9 5.4 4.4 2.7 2.6 1.7 
1.6 1.1 0.4 0.4 1.1 2.1 
TABLE 21 
RELATIVE %Is OF THE 1 5"SPORE'IGROUPS FROM BLEW= 
SAMPLE NUMBER - 1 2 3 4 5 6 7 8 
GROUP NUMBER 
1 0.0 0.4 0.0 0.8 0.8 1.6 0.0 0.0 
2 8.8 12.5 7.5 4.2 3.6 4.2 6.6 2.0 
2-A 2.3 1.6 2.3 3.1 2.0 0.0 0.0 2.7 
3 0.0 0.0 0.4 0.0 0.4 1.1 0.0 0.0 
4 0.0 0.4 0.0 0.0 1.2 0.0 0.0 0.0 
5 13.0 17.6 21.0 9.2 7.4 9.1 4.7 4.3 
6 8.0 ?. 8 9.8 15.8 17.6 15.5 24.5 25.8 
7 6.1 13.3 12.1 21.5 14.8 15.5 14.0 14.8 
8 0.0 0.4 1.2 o. 8 0.0 1.1 0.4 1.9 
9 8.4 13.3 7.0 8.8 5.7 4.9 14.8 10.5 
10 46.2 22.3 19.9 18.0 21.7 14.3 9.3 16. o 
11 0.0 0.0 1.2 o. 4 1.6 6.4 3.1 1.2 
12 6.1 6.6 7.4 4.2 5.7 6.4 0.0 2.7 
13 1.2 2.0 3.6 7.1 9.6 10.2 11.5 10.7 
14 0.0 1.2 1.2 3.0 3.3 2.3 7.0 7.5 
15 0.0 0.4 1.6 2.3 3.7 3.8 2.? 0.0 
TABLE 21 (contd. ) 
SAMPLE NUMBER -9 10 11 12 13 14 15 
16 
GROUP NUMBER 
1 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
2 3.6 7.1 3.5 3.0 1.9 1.9 0.8 16 
2A 1.6 1.5 1.1 1.1 2.7 1.1 0.4 2.3 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 o. 4 0.0 0.0 0.0 0.0 
5 5.1 3.4 5.4 6.5 5.4 3.1 9.3 8.5 
6 23.7 20.2 32.3 23.3 21.0 25.6 19.1 28.9 
7 16.2 14.9 8.2 11.9 8.1 10.1 8.1 8.6 
8 0.0 1.5 0.4 0.4 0.8 0.8 0.0 0.8 
9 11.8 13.8 8.9 14.9 17.9 12.8 6.6 12.5 
10 15.0 14.2 19.8 17.1 17.5 17.8 20.2 26.9 
11 3.9 4.5 4.7 2.3 1.1 4.2 5.8 2.0 
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
13 11.1 14.0 9.5 12.? 14.2 9.8 17.8 6.0 
14 6.3 4.9 5.4 6.9 ?. 6 11.2 10.5 2.0 
15 1.6 0.4 0.8 0.8 1.5 1.5 1.1 0.0 
TABLE 21 (contd. ) 
SAMPLE NUMB19Z - 17 18 19 20 21 22 
GROUP NumBER 
1 0.0 0.0 0.0 0.0 0.0 0.1ý 
2 4.4 4.7 4.9 2.3 1.9 2.4 
2A 2.4 3.1 0.0 1.1 0.0 0.11 
3 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.0 0.4 0.0 0.0 0.0 0.0 
5 19-4 15.1 13.9 11.9 9.3 12.6 
6 28.2 31.0 30.5 26.0 33.8 18.3 
7 11.0 12.2 14.6 17.7 14.3 19.1 
8 11.6 0.0 1.5 1.1 1.2 2.8 
9 11.5 11.9 7.7 8.0 7.9 10.2 
10 15.0 14.1 9.6 6.5 8.2 6.9 
11 2.0 0.4 1.9 2.7 2.3 2.4 
12 4. o 0.8 3.1 0.0 0.8 1.6 
13 6.8 6.8 6.3. 15-4 11.4 14.0 
14 4.4 1.8 3.4 3-4 4.2 LI. 8 
15 0.0 0.0 0.4 2.3 3.5 2.8 
TABLE 22 
RELATIVE %Is OF THE 1_5'ýPORE'IGROUPS FROM CALVERT 



















0.0 0.8 1.2 o. 4 0.0 0.8 0.0 0.4 
6.2 8.1 5.6 4.3 3.5 4.7 - 3.8 3.2 
2.3 4.1 3.9 1.9 1.5 1.2 1.1 0.8 
0.4 0.0 0.0 o. 4 0.0 0.0 0.0 0.0 
0.0 0.8 0.0 0.0 o. 4 o. 8 0.0 0.0 
10.1 14.6 11.5 2.7 6.2 4.7 4.6 6.7 
6.2 8.9 14.6 28.4 24.1 27.9 23.7 27.2 
6.1 14.9 11.4 14.8 16.3 18. o 12.6 8.7 
0.8 . 1.6 1.2 o. 8 o. 4 
1.2 0.8 1.2 
7.8 10.2 7.1 8.6 10.1 8.3 9.6 9.1 
43.5 22.8 25.7 13.6 12.4 7.1 14.5 11.4 
1.9 3.6 2.3 4.2 5.0 3.1 3.1 6.7 
3.5 3.2 3.5 1.9 1.9 1.6 3.4 3.9 
9.7 5.6 9.9 11.0 13.5 12.7 13.9 12.7 
o. 8 0.0 0.8 4.7 2.7 5.1 5.3 6.3 
1.4 o. 8 o. 8 0.8 1.5 1.6 1.5 1.6 
TABLE 22 (contd. ) 

















10 11 12 13 14 15 16 
0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 
4.4 1.6 1.6 4.4 4.4 5.1 8.4 10.0 
1.2 0.4 1.6 2.0 3.2 1.6 3.4 0.0 
0.0 0.0 0.0 0.0 0.0 0.4 o. 4 0.4 
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
7.5 4-4 4.4 11.4 ?. g 9.3 7.5 11.0 
30.8 16.3 20.9 17.1 15.8 15.9 23.4 17.0 
9.9 17.5 15.0 15.1 10.2 18.3 12.9 19.1 
0.4 1.2 0.4 0.8 0.0 1.2 0.0 o. 8 
7.1 ?. 9 8.8 5.9 6.8 4.3 3.0 4.5 
7.9 24.2 20.4 25.3 41.2 30.0 30.3 25.2 
3.9 1.2 2.4 2.4 2.5 2.7 2.6 0.8 
2.8 3.2- 0.0 o. 4 0.3 1.6 0.0 1.6 
12.3 11.0 11.2 6.0 5.3 8.3 6.6 6.0 
6.7 7.2 9.6 1.6 1.1 1.6 1.5 o. 8 
5.1 4.0 2.00 0.0 0.7 0.0 0-0 0.0 
TABLE 23 
PALYNOLOGICAL GROUPS - AFTER WINDLE 
(1 980) 
Spores Group 1 GrouD 2 Group 3 Group 4 
DeltoidosDora 4.90 8.33 15-04 31-77 
Concavisporites o4 . 09 . 24- . 
66 
ConcavissimisDorites . 22 . 21 . 
42 . 
69 
Ischyo; sr)orites . 
86 . 73 1.73 3.47 
Pollen 
InaDerturopollenites 16.68 13.23 12.59 10.25 
Callialasporites 17-84 12.64 6.41 5.37 
Cerebropollenites . 50 2.9? 1.32 . 
89 
Alisporites 3.44 6.04 3-97 3.13 
PityosDoiites and 
PodocarDidites 7.30 7.02 5.28 4.20 
Exe: ýilDoýlenites 6. (Y? 4.04 4.72 3.40 
Classopollis 12-73 11.34 19.28 8.35 
Dinoflagellates 
Sentusidinium 4-54 1.03 . 16 o4 
Caligodinium . 21 . 12 . 01 . 00 
Pareodinia . 07 . 02 . 01 . 00 
Ctenodinium 3.72 4.04 . 
65 o8 
Lithodinia 1.71 1.73 . 38 . 07 
Gonyaulacysta 1.71 1.73 . 38 . 07 
Group 1= "offshore marine" 
Group 2= "near shore marine" 
Group 3= I'lagoonal" 
Group 4= "terrestrial" (Windle 1980) 
TABLE 24 


































15 and below 
30 and above 
4.9 and below 
15 and above 
2.5 and below 
1.9 and below 
2.5 and below 
1.5 and below 
below 1 
2.4 and below 
5 and above 
3 -. 1 
2.5 and above 
15.1 - 20 
29.9 - 20 
5- 10 
14.9 - 10 
2.6 - 4.9 
2-2.9 




2.5 - 4.9 
TABLE 24 (contd. ) 
GROUP 2 (contd. ) 
K 4.9 - 2.5 
L o. 9 - o-5 
m 2.4 -1 
GROUP 3 
A 20.1 - 30 
B 19.9 - 15 
c 10.1 - 15 
D 9.9 5 
E 5 7.5 
F 3 4.9 
G 5 7.4 
H 3.1 -5 
1 2-2.9 
5-7.4 
K 2.4 -i 
L below 0-5 
m below 1 
GROUP 4 
A above 30 
B below 15 
c above 15 
D below 5 
E above 7.5 
F 5 and above 
G 7.5 and above 
H above 5 
3 and above 
7.5 and above 
GROUP 4 (contd. ) 




































































SAMPLE 4 (contd. ) SAMPLE 5 (contd. ) SAMPLE 6 (contd. ) 
H1 H1 H1 
12 12 12 
J2 J2 J4 
K3 K1 K2 
L2 L4 L3 
M4 M2 M4 
SAMPLE 7 SP14PLE 8 SAMPLE 
A1 A2 A3 
B3 B2 B4 
C2 C2 c1 
D3 D3 D3 
E2 Ei E3 
F F1 F1 
G G2 G2 
H H1 H1 
12 1 3 
J4 J2 J3 
K2 K3 K3 
L3 L4 L2 
M Lý M3 M3 
SM, IPLE 10 SAMPLE 11 SAMPLE 12 
A3 A3 A2 
B2 B2 B3 
C2 C2 C3 
D3 D3 D3 
E3 E 2/3 E2 
F3 F2 F2 
SAMPLE 10 (contd. ) SAMPLE 11 (contd. ) SAXPLE 12, (contd. ) 
G1 G2 G1 
H2 H2 H1 
12 13 11 
J3 J2 J3 
K2 K3 K3 
L3 L3 L3 
M3 M3 M3 
SAMPLE 1_3 SAMPLE 14 SAMPLE 15 
A1 A1 A2 
B4 B4 B4 
C3 C2 C3 
D3 D3 D4 
E2 E4 E1 
F3 F3 F3 
G3 G3 G3 
H2 H2 H2 
13 13 13 
J3 J3 J3 
K3 K3 K3 
L 4- L3 L4 
M4 M4 M3 
svipLE 16 SAMPLE 17 S PNP LE 1 
A-2 A-1 A-3 
B-4 B-4 B-4 
C-3 C-3 C-2 
D-3 D-4 D-4 
E-3 E-3 E-2 
SAMPLE 16 (contd. ) SAMPLE 1? (contd. ) SPJIPLE 18 (contd. ) 
F3 F3 F3 
G2 G2 G3 
H3 H1 H1 
13 13 13 
J3 J2 J3 
K4 K2 K3 
L4 L2 L4 
M3 M3 M3 
SPJTLE 19 SAMPLE 20 SAMPLE 21 
A2 A2 A3 
B4 B2 B2 
C2 C2 C3 
D4 D4 D4 
E2 E3 E2 
F3 F2 F3 
G4 G2 G2 
H2 H2 H1 
13 13 13 
J2 J3 J2 
K3 K3 K3 
L4 L4 L2 
M4 M3 M4 
SPJ, IPIE 22 SAMPLE, 23 SAMPLE 24 
A3 A3 A3 
B4 B4 B3 
C2 C2 c1 
D3 D2 D2 
























































PALYNOLOGICAL ASSOCIATIONS FOR THE 14 SPKPLES FROM STDJARTBY 






















































































































































PALYNOLOGICAL ASSOCIATIONS MR THE 22 SAMPLES F? 014 BLETCHLEY 
SAMPLE 1 SAMPLE 2 SAMPLE 
A1 A1 A 1 
B B2 B 2/3 
c C2 C 2 
D2 DI D 1 
E EI E 1 
F F1 F 1 
G G1 G 
H H1 H 2 
1 2 
J 2 
K2 K K 2 
L L L 
M2 M2 M 2 
SPJ-IPLE 4 SAMPLE_5 sAmPLE 6 
A-2 A-2 A-2 
B-3 B-2 B-4 
C-3 C-3 C-2 
D-3 D-3 D-3 
E-1 E-1 E-1 
F-1 F- 2/3 F-1 
G1 G-2 G2 
li 2 H-3 H3 
12 14 3 
J2 J 112 J2 
K-3 K3 K3 
L-4 L-4 L-1 
m M-2 m4 
S AýT LE 7 SAMPLE 8 SAMPLE 9 
A-3 A-3 A-3 
B-4 B-3 B3 
C-2 C-2 C2 
D- 3/4 D-4 D-3 
E-2 E-2 E-2 
F-3 F-1 F-2 
G2 G-2 G-2 
2 H-1 H-2 
3 12 3 
J- 2/3 J3 J-3 
K-2 K-4 K-4 
L-1 L-1 L-1 
M-3 m M-2 







































































SAMPLE 19 SAMPLE 20 









J-2 J- 2/3 
K- 2/3 K-3 
L L3 






































PALYNOLOGICAL ASSOCIATIONS MR THE 16 SAMpLEs FROM CALVERT 
. 
WýLE 1 SAMPLE SAMPLE_ý 
A A1 A1 
B B2 B2 
c1 C2 C2 
D 2' D 2/1 D2 
E E1 E1 
F F1 F 
G2 G2 G3 
HI H1 H1 
13 12 12 
J2 
K K1 K2 



























J -. 2 
SAMPLE 2 (contd. ) SAMPLE 3 (contd. ) 
L2 L1 
m1 M3 














sAmPLE 8 SAMPLE_q 
A3 A 3/4 
B4 B4 
C2 c2 







































SAMPLE 11 SAMPLE 12 
A- 2/3 A-2 
B- 2/3 B-2 











sAmPLE 14 SAMPLE 15 
A- 2/1 A-3 
B- 1/2 B-1 
C- 2/3 C-2 

























SUMMED TOTALS OF GROUP VALUES FOR PETERBOROUGH 
SAMPLE NUMBERS TOTALS 
1 24 
C/G 

























41 INTRODUOTION OF DARKERGREEN CLAY 
TRANSGRESSIVE MAXIMA ? 
24 32.5 
25 j /M 29 CUE 
26 18 CROSS-LAMINATED SILTS 
TABLE 26 
SUMMED TOTALS OF GROUP VALUES FOR STEWARTBY 
SAMPLE NUMBERS TOTALS 
CIG 
1 C/o 22 SHELL BED 
2 22 
3 24 SHELL BED 
4 33 
5 28 
6 34 C/o 





12. J/J 20 
J/M 
13 BITUMINOUS SHALES 16t 
J/M SILTS& SILTY CLAYS 
14 CL/E 21 14 CL/E 
TABLE 27 
SUMMED TOTALS OF GROUP VALUES FOR BLETCHLEY 
SAMPU NUMBERS TOTALS 
C/G 
1 C/o 16 SHELL BED 
2 16 





8 jc -, 



















k TABLE 28 
SUMMED TOTALS OF GROUP VALUES FOR CALVERT 
SAMPLE NUMBERS TOTALS 
C/G 
1 C/o 21 





















MUSEUM SPECIMEN - 678 R179 R178 R175 663 viOll R10 R135 
Callialasporites 3o. 8 18.6 13-6 10.2 32.4 20.5 22.9 18.2 
Classopollis 7.7 24.2 21.0 28.3 7.2 12.1 10.5 15.8 
Alisporites 6.8 11.1 8.? 7.4 2.5 9.1 14.3 14.2 
Podocarpidites 1.7 0.0 0.0 o. 8 0.0 1.6 1.5 o. 8 
Pityos-po ites 6.8 0.0 3.8 2.7 3.6 5.5 5.3 6.3 
Exebipoý-lenites. 9.4 5.9 9.8 8.2 12.0 12.2 4.1 6.3 
Inaperturopollenites 5.1 13.5 11.7 10.2 4.4 3.2 1.5 2.4 
Perinopollenites 1.7 4.0 2.6 5.5 4.8 3.6 3.0 3.9 
CerebroDollenites 3.0 0.8 1.5 0.0 0.8 1.2 0.8 1.6 
Broken bisaccates 6.0 4.4 5.3 1.6 4.4 3.6 3.8 3.5 
Deltoidospora 
-3.0 
4.4 3.0 4.3 1.6 0.0 0.4 1.6 
Concavisporites 0.0 2.0 0.0 1.2 0.0 0.0 0.4 1.2 
Concavissimisporites 0.4 1.6 2.3 0.0 o. 8 0.4 o. 8 o. 4 
TriplanoSPorites 0.0 0.0* 0.0 0.0 0.0 0.0 0.0 0.0 
Densoisporites 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 
Ischyosporites 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Lycopodiumsporites 0.0 0.0 0.0 0.0 1.2 0.0 o. 4 0.0 
Uvaesporites 0.0 '0.4 0.4 0.8 0.4 0.0 0.0 0.0 
Os-nundacidites 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0 
Lycopodiacidites 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
Obtusisporis 0.0 0.0 C). O o. 8 0.0 0.0 0.0 0.0 
Vitreisporites 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 
TABLE 29 (contd. ) 
MUSEUM SPECIMEN R20 R17 677 668 1 M. B. 
Callialasporites 21.9 18.5 18.9 46.3 20.8 
Classopollis 6.6 14.6 29.2 1-9 11.3 
Alisporites 8.6 10.0 14.1 6. Lý 13.4 
Podocar-pidites 0.0 0.8 1.2 1.3 0.0 
Pityosporites 4.3 3.1 3.7 2.9 4.8 
Exesipollenites 6.2 7-r? 14.4 8. o 4.8 
Inaperturopollenites 7.0 8.5 4.5 6.1 10.8 
Perinopollenites 4.7 3.5 3.7 1.0 1.5 
Cerebropollenites 1.6 3.8 1.2 1.3 2.2 
Broken bisaccates 3.1 2.3 3.7 7.4 7.1 
Deltoidos7pora 1.6 0.0 2.0 1.0 1.5 
Concavisporites 0.0 0.0 0.0 1.0 0.7. 
Concavissimisporites 0.4 0.0 2.0 0.0 1.9 
Triplanosporites 0.0 0.0 0.0 0.4 0.0 
DensoisDorites 0.0 0.0 0.0 0.0 0.0 
Isch. losporites, 1.2 0.0 0.0 0.0 0.0 
Lycopodiumsporites 0.8 0-0 0.0 0.3 0.0 
UvaesDorites 0.0 0.0 0.0 0.0 0.0 
Oanundacidites 0.0 0.4 0.0 0.0 0.7 
Lycopodiacidites 0.0 0.0 0.0 0.3 0.0 
Obtusisporis 0.0 o. 4 o. 4 0.0 0.0 
Vitreisporites 0.0 0.0 0.0 0.0 0.0 














TABLE 29 (contd. ) 
678 R179 Ri? 8 R175 663 viOll R10 R135 
0.0 0.8 0.7 2.7 1.6 1.6 3.8 2.4 
0.0 0.4 1.1 2.0 2.0 1.6 3.4 5.1 
5.6 6.4 3.2 4.4 3.6 6. o 7.2 4.4 
3.4 1.6 3.0 1.6 2.8 5.5 4.5 5.5 
2.0 2.0 2.0 1.6 1.2 3.6 3.2 2.8 
0.0 0.0 0.0 0.0 2.4 1.6 3.0 2.8 
4.7 0.8 3.4 4.7 2.8 3.9 3.0 2.4 
0.0 0.0 0.0 0.0 0.0 0.4 o. 8 0.0 
R20 R17 677 668 1 M. B. 
4.3 5.4 0.0 1.0 3.3 
2. 
-3 o. 4 0.0 o. 
6 1.5 
6.2 6.2 3.6 8.2 6.2 
7.4 6.5 3.? o. 6 '1.8 
2.8 2.8' 2.0 2.8 3.2 
5.1 1.5 0.0 o. 6 0.0 
1.9 2.7 3.7 1.9 0.7 
0.0 0.0 0.0 0.3 2.2 
TABLE 30 
RELATIVE %'s OF THE 15 SPORE GROUPS FROM MUSEUM SPECIMENS 
SPECIMEN NUMBER - 6? 8 vlOll R10 R135 R20 R17 677 
GROUP NUMBER 
1 0.0 0.4 0.4 0.0 0.8 0.0 0.0 
2 3.0 0.0 0.8 2.8 1.6 o. 4 2.4 
2A 0.4 0.4 0.8 o. 4 o. 4 0.0 2.0 
3 0.0 0.0 0.0 0.0 0.0 0.4 0.0 
4 0.0 0.0 0.0 0.0 1.2 0.0 0.4 
5 5.1 3.2 1.5 2.4 ? -0 8.5 4.5 
6 30.8 20.5 22.9 18.2 21.9 18.5 18.9 
7 18.3 19.8 24.9 24.8 16. o 16.2 22.7 
8 3.0 1.2 o. 8 1.6 1.6 3.8 1.2 
9 9.4 12.2 4.1 6.3 6.2 ?.? 14.4 
10 12.1 10.5 15.8 6.6 14.6 29.2 
11 l.? 3.6 3.0 3.9 4.? 3.5 3.? 
12 4.7 3.9 3.0 2.4 1.9 2.4 3.? 
13 11.0 15.1 14.9 12.? 16.4 15.5 9.3 
14 0.0 3.2 ?. 2 7.5 6.6 5.8 0.0 
15 0.0 1.6 3.0 2.8 5.1 1.5 0.0 
TABLE 30 (contd. ) 
SPEC= NUMBER R179 R178 R175 663 668 1 MB. 
GROUP NUMBER 
1 0.4 0.4 0.8 1.6 0.3 0.0 
2 6.4 3.0 6.3 1.6 2.0 2.9 
2A 1.6 2.3 0.0 0.8 0.0 1.9 
3 0.4 0.0. 0.0 0.4 0.0 0.0 
1ý 0.0 0.0 0.0 0.0 0.0 0.0 
5 13.5 11.7 10.2 4.4 6.1 10.8 
6 18.6 13.6 10.2 32.4 46-3 20.8 
7 15.5 17.8 12.5 10.5 18.0 25.3 
8 -0.8 2.6 0.0 0.8 1.3 
2.2 
9 5.9 9.8 2.? 12.0 8. o 4.8 
10 24.2 23.0 28.3 7.2 1.9 11.1 
11 4.0 - 2.6 5.5 4.8 1.0 - 1.5 
12 0.8 3.4. 4.? 2.8 1.9 0.7 
13 10.0 8.2 7.4 7.6 11.6 11.2 
14 0.8 1.8 4.7 3.6 1.6 4.8 
15 0.0 0.0 0.0 2.4 o. 6 2.2 
TABLE 31 
PALYNOLOGICAL ASSOCIATIONS FOR METRIORIMCHUS AND STLNEOSAURUS 
MUSEUM SPECII'laIS 
R10 C. M. P. P135 C. M. P. R20 C. M. P. 
M. superciliosum Metriorhynchus sp. M. superciliosum 
A 3 A2 A 3 
B 4 B 3/4 B 4 
c 3/4 C3 C 2 
D 4 D4 D 3 
E 2 E 112 E 2 
F 3 F4 F 2 
G 3/4 G 2/3 G- 
.3 
H 3 H 2/3 H- 4 
1 4 13 3 
J 213 J3 3/4 
K 4 K4 K 3 
L 3 L 1/2 L 4 
Ml 3 M3 M 3 


















































TABLE 31 (contd. ) 














SUMMED TOTALS FOR METRTORHYNCHID SPECIMENS 
** "WELL" ARTICULATED 
R10 C. M. P. 42-5 
P17 C. M. P. 37.5 
R135 C. M. P. 39.5 
R20 C. M. P. 39.5 
* "DISARTICULATED" 
678 W. H. 32 
677 W. H. 29.5 
viOll H. M. 
N. G. ) 38 
TABLE 31 (contd. ) 
R179 C. M. P. R178 C. M. P. R175 C. M. P. 
S. leedsi S. obtusidens, S. durobrivensis 
A2 A1 A1 
B2 B2 B2 
C3 C2 C2 
D2 D2 D 213 
E E1 E2 
F F1 F 211 
G3 G2 G2 
HI H1 H1 
1 2/3 1 2/3 12 
11 J2 11 
K2 K2 K2 
L1 L4 L1 
M2 M 2/1 m 
663 W. H. 668 W. H. K. M. 1 
Steneosaurus s-p. Steneosaurus sp. Mycterosuchus sp. 
A 4 A 4 A 2/3 
B 4 B 4 B4 
c 1 C 2 C3 
D D 3 D2 
E E 1 E2 
F 112 F 1 F 
G 2 G 4 G3 
H 2 H 1 Hi 
1 2 3 3 
J 2 1 1 
K 3 K 3/4 3 
663 W-11. (contd. 
L-4 
M-3 
TO= 31 (contd. ) 
668 W. H. (contd. ) 
L- 112 
M-k 
K. T, I. l (contd. ) 
L-. 2 
M-2 
SM4ED TOTALS FOR STIMOSAUR SPECIMENS 
** "WELL" ARTICULATED 
R179 C. M. P. 23.5 
R1710 C. m. p. 24 
P175 C. M. P. 24 
* "DISARTICULATED" 
668 W. H. 31.5 
663 W. H. 33.5 
K. M. 1 29.5 
FIGURE 1 
The pattern of the dorsal cranial bones in Steneosaurus, defining 
the measurements taken during the morphological analysis. 




quj quadrato jugal 
i jugal 
prf prefrontal 







A total length of skull (occipital condyle to tip 
of snout) 
B preorbital length 
C width between the outer angles of the quadrates 
D length of the supratemporal fenestra 
E width of the supratemporal fenestra 
F width at the anterior end of the nasals 
G width at the anterior rim of the orbits 
H distance between the nasals and premaxillae 
I long diameter of the orbit, 




The pattern of the dorsal cranial bones in Metriorhnchus,, 
defining the measurements taken during the morphological analysis. 
A length in mid dorsal line 
A&B length from occipital condyle to tip of snout 
c length from the anterior end of the frontal to 
tip of snout 
D length of the frontal anterior to the supratemporal 
fenestrae 
E distance between the nasals and premaxillae 
F length of the nasals 
G least width between the orbits 
H width between the outer angles of the prefrontals 





Bivariate plot showing the relationship between total skull length 
and preorbital length in the genera Steneosaurus and Mycterosuchus. 
Key to the symbols used to denote Steneosaurus and Mycterosuchus 
pecies A Figs- 3- 16 
0 Steneosaurus obtusidens 
0 SteneosauruE3 durobrivensis 
0 Steneosaurus leedsi 
Steneosaurus hulkei 
SteneosauruS depressus 
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Bivariate plot, showing the relationship between the distance 
separating the nasals and premaxillae, and preorbital length 








10 20 30 40 50 60 70 80 90 100 
pre orbital length 
FIGURE 2 
Bivariate plot showing the relationship between the width of 
the snout at the anterior end of the nasals, and preorbital 
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pre orbital length 
FIGURE 6 
Bivariate plot showing the relationship between the width of 
the snout at the anterior rim of the orbits, and preorbital 
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FIGURE 7 
Trivariate plot showing the relationship between the width of 
the skull at the outer angles of the quadrates/total skull 
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KGURE 8 
Trivariate plot showing the relationship between the width of 
the snout at the anterior end of the nasals/preorbital length, 
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KGURE 9 
Trivariate plot showing the relationship between the width of 
the skull at the anterior rim of the orbits/preorbital length, 
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FIGURE 10 
Trivariate plot showing the preorbital region as a% of total 
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FIGURE 11 
(a) Principal coordinates analysis plot showing the spatial 
relationships between members of the genera Steneosaurus and 
Myeterosuchus (denoted by their computer numbers, see Table 
on the lst and 2nd axes. 










Principal coordinates analysis plot showing the relationship 
between members of the genera Steneor>aurus and Mycterosuchus 
after standardisation of the data for length as follows: 
variable 2- variable 10 
variable 1 variable I 

FIGURE 13 
The ranked lengths (17 = longest 1= shortest) of the 
specimens plotted in Fig. 12, illustrating that the 
standardisation process has removed the trend for size 




Principal coordinates analysis plot showing the similarity 
values for members of the genera Steneossaxrus and M-yeterosuchus. 
similarity values 900 
........... similarity valuer. 
850 - 900 

FIGURE 15 
Principal coordinates analysis plot showing the similarity 
values between the Callovian members of the genera 
Steneosaurus and Myeterosuchus. 
similarity values 800 
similarity values 780 - 800 

FiGuRE 16 
Principal coordinates analysis plot showing the similarity 
values between end members of the groups plotted in Fig. 15. 

F1 GURE 17 
The individual variation in the form of the frontal/nasal 
suture in a selection of Steneos-auru_s specimens: where the 
distance separating the most anterior point of projection of 
the frontal and prefrontals is indicated in mms. 
1. S. durobrivensis (R3701) 
2. S. durobrivensis (R? -(Y? 3) 
3. S. durobrivensis (R2865) 
4. S. hulkei (R2-074) 
5. S. leedsi (R3806) 
6. S. leedsi (R3320) 
7. S. obtusidens (R3168) 
8. S. depressus 01420 O. U. M. ) 










1 32 mm . 
Yawn 18 
Bivariate plot showing the relationship between the least 
width between the orbits, and the length of the frontal 
anterior to the supraternporal fenestrae in the genus 
Metriorhynchus. 
Key to the symbols used to denote Metriorhynchus species 
in Figs. 18 - 31 
Metriorhy nchus laeve 
Metriorhy nchus moreli 
Metriorhy nchus superciliosum 
Metriorhy nchus cultridens, 
0 Metriorhy nchus brachyrhynchus 
Metriorhy nchus durobrivense 
Metriorh7 nchus leedsi 
Metriorhy nchus sp. 
R= Peterborough Museum specimens 
v= Hunterian Museum specimens 
C/BC = National Museum of -Wales specimens 
SM = Sedgewick Museum specimens 
I 
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FIGURE 19 
Trivariate plot showing the relationship between the width of 
the skull at the outer angles of the prefrontals/skull length, 
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FIGURE 20 
Trivariate plot showing the distance between the nasals and 
premaxillae as a% of the total skull length, and total skull 
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KGURE 21 
Trivariate plot showing the relationship between the width of 
the skull at the outer angles of the quadrates/skull length, 
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KGURE 22 
Trivariate plot showing the distance between the nasals and 
premaxillae as a% of nasal length and the length of nasals 
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FIGURE 23 
Principal coordinates analysis plot showing the spatial 
relationships between members of the genus Metriorh--, mchus 
(denoted by their computer numbers, see Table 5) on the 
1st and 2ad axes. 
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FIGURE 24 
Principal coordinates analysis plot showing the similarity 
values between members of the genus Metriorhynchus analysed. 
greater than 950 
900 - 950 
000*0000000000 similarity values as indicated 














Ranked lengths of members of the genus Metriorhynchus shown 
in Fig. 23- 

FIGURE 26 
An illustration of skull "shape" in Metriorhynchus using 
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FIGURE ýZ 
Bivariate plot showing the relationship between the least 
width between the orbits, and the length of the frontal 
anterior to the supratemporal. fenestrae in the specimens 
of Metriorlvynchus superciliosm and Metriorhynchus moreli 
analysed by Andrews (1913). 
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FIGURE 28 
The individual variation in the form of the fronta3, /nasal 
suture in a selection of Metrionhynchus specimens: where 
the distance separating the most anterior point of 
projection of the frontal from the prefrontals is 
indicated in mms. 




3. M. su-pereilioam (R2051) 
4. M. superciliosum (R6859) 
5. M. supereilios= (R1665) 
6. M. superciliosum (R2041) 
7. M. superciliosum (R2036) 
8. M. moreli (R1666) 
9. M. moreli (R2054) 
10. M. mor. elil(R2044) 
11. M. laeve (R2031) 
12. M. laeve (R4762) 
13- M. laeve (R3015) 
14. M. leedei, (R3899) 
15. M. leedei (R354o) 
16. M. cultridens (R3541) 
17. M. durobrivense, (R2618) 
18. M. durobrivense (R3321) 
19. M. brach-yrh-ynchus (R3700) 
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The form of the premaxillary/maxillary suture in: 
A Metriorhynchus brachyrhynchus (R3699) B. M. (N. H. ) 
B Metriorhynchus moreli (R686o) B. M. (N. H. ) 




Principal coordinates analysis plot of those members of the 
genus Metriorhynchus plotting to the left of line 1 in 




Principal coordinates analysis plot showing similarity levels 
in a qualitative sense, between those members of the genus 
Metriorhynchusl plotting to the left of line 1 in Fig. 26 
as follows: 
0 most similar 
0 decreasing similarity 
lowest levels of similarity 

F7GU'RE 32 
Total skull lengths of the specimens shown in Fig. 31, 
indicating that clustering remains, at least in part, 
a function of skull Bize (length). 

FIGURE 33ý 
The design of 
1. lst order 
2nd order 
3.3rd order 





, An illustration of the moments of force about the fulcrum 
.A 
CL 




























Left forelegs of 
a. horse (Equs) 
armadillo (Das-ypus) 
illustrating the difference in the mechanical advantage of 
the M. teres major (after Alexander 1968, who used data from 
Smith & Savage 1956). 
21 
KGURE_L 
(a) Lines of action of jaw adductors of Alligator 
mi8sissippiensis when the jaws are nearly closed. 
PI is the load applied to the mandible when the prey is caught 
by the jaws. The solid arrows show the forces of muscle 
contraction, their length shows the minimum force applied 
to retain jaws closed. The dashed arrows show loads applied 
to the jaw joint when the corresponding muscle contracts, their 
length is the resultant of P1 and the muscle contraction force 
(after Iordansky 1964). 
(b) As above when the gape is wide (after Iordansky 1964). 
(c) The same forces, exerted when, Alligator, cuts flesh or 
crushes bones (P 2= load applied to the mandible). 
Key to the muscles indicated in the figure: 
1. M. pterygoideus anterior 
2. M. adductor externus superficialis 
3. M. adductor externus profundus 
4. M. pterygoideus posterior A (see Table 7 i) 
. 
5. M. pterygoideus posterior B (see Table 7 ii) 
M. pterygoideus posterior C(see Table 7 iii) 
M. adductor posterior 
M. pseudotemporalis 
M. intramandibularis 
10. M. intermandibularis 




a' Jaw muscles of AlliZator mississippiensis after removal of 
the skin. 
at t Jaw muscles after the removal of supratemporal and liLteral 
temporal fenestrae, M. adductor externus superficialis and 
medius and external fibres of the M. pterygoideus posterior. 
a"' The same, after the removal of M. adductor externus 
profundus, external and middle layers of the fibres of the 
M. adductor posterior and lateral f ibres of the 
M. intramandibularis. 
Key to Fi&. 36 






The lower jaw of Martes (a carnivorous mammal) showing the 
forces which would act on it in the circumstances described 
below. The arrows represent, by their direction, the lines 
of action of forces, and by their lengths, the relative sizes 
of the forces. The jaw would be in equilibrium under the 
following combinations of forces: (after Smith & Savage 1959 
in A: LexBnder 1968) 
a. Force P acts on the jaw when the prey is seized, in this 
case registed by the temporalis muscle (T) only - applying 
force T to the coronoid process. Reaction R of the cranium 
on the jaw balances forces T and P. 
b. Force P1 resisted by masseter muscle only, exerting force 
M on the jaw. A large force R is required at the jaw 
articulation to obtain equilibrium. 
c. Force P1 exerted when the carnassial teeth of the manmal 
are used to cut through flesh. An approximately vertical 
force acts on the lower Jaw (P If only the temporalis 
muscle contracts, reaction R is necessary at the jaw articulation 
for equilibrium. 
d. If the masseter and temporalis muscles contract together 
(M) and (T), in response to P1, equilibrium is obtained without 
reaction at the jaw articulation. 












M. latissimus dorsi 
M. scapulo-humeralis (teres minor) 
M. teres major 
M. supracoracoideus 
--l 




ad. 1,2 M. adductor femoris parts 1 and 2 
amb. M. ambiens 
c. f. b. M. coccygeo-femoralis brevis 
C. f. l. M. coccygeo-femoralis longus 
ext. il. tib. M. extensor ilio-tibialis parts 1-3: 
1,2,3 anterior, middle and posterior heads 
fem. tib. ext. M. femoro-tibiali8 externus 
fem. tib. int. M. femoro-tibialis internus 
fl. tib. ext. M. flexor tibialis externus 
fl. tib. int. M. flexor tibialis internus: 
1,21 3,4 parts 1-4 
il. fern. M. ilio-femor&lis 
il. fib. M. ilio-fibularis 
P. f. M. pubo-femoris 
p. i. f. e. M. pubo-ischio-femoralis externus: 
1,2,3 parts 1-3 
p. i. f. i. M. pubo-ischio-femoralis intermus 
p. i. t. M. pubo-ischio-tibialis 
Pectoral musculature 
anc. 1,2t 3,4 M. anconeus: parts 1-4 
c. a. b. M. coracoantibrachi&lis 
c. b. M. coracobrachialis 
d1t. s. M. deltoides scapularis 
d. s. M. dorsalis sc-apulae 
h. a. b. M. humero-. antibrachialis 
FIGURE 38 
Right hind limb of Caiman sp. showing: 
a. superficial dorsal view 
b. deeper view of dorsal musculature, after removal of the 
M. extensor ilio-tibialis (thus signified) 
v 
. il. tib. 1 





m tib ext. 
fem. 
1. tib. ext. 
FIGURE 
_ _39 
Left hind limb of Caiman sp. showing: 
a. superficial ventral view 
b. ventral view with the M. pubo-ischio-tibialis and the 
M. flexor tibialis internus 1 and 2 cut 
c. deep ventral view 
a 






m. tib. int. 
FIGURE 40 
Right lateral view of the pelvis in Caiman sp. illustrating. 
the positions of origin and insertion of pelvic and caudal 
musculature, and indicating the acetabular region A 
muscles originating from the outer surface 
muscles originating from the inner surface 
ext. i I. ti b. (p 
f 1. tib. 
f 1-tib 
KGURE 41 (a) 
Lateral view of the left fore-limb of Caiman sp. showing 
musculature 
FIGURE 41(b) 
Medial view of the left fore-limb of Caiman sp. 
anc. 
anc. 




Right lateral view of the pectoral girdle in Caiman sp. 




The comparative morphology of the acetabular region in 
a. recent crocodilians 
b. Steneosaurus 
to. j3how the increased anterior region in b (X) due to the 
articulation of the pubis with the ilium, and not the 
ischium as in a. Note the presence of notches (n) on 
the anterior ventral border of the ilium which suggests 
this to be the area of contact between the ilium and pubis. 

FIGURE 44 
a. Types of flow generated around bodies moving through 
water at progressively higher Reynolds number. 
b. Streamlined bodies of fineneBB ratios 2 (a) and 4.5 (b) 
c. Hydrofoil showing angle of attack (a) and the forces of 
lift and drag. 









Illustrates the drag coefficient against Reynolds number for 
a disc moving at right angles to its plane, a long cylinder 
moving at right angles to its axis, a sphere and a streamlined 
body moving along its axis. 
(after Alexander 1968 p. 216, using data from Tietjens (1957) 
and Landolt & Bo'mstein (1955). 
Reynolds number 
102 10 4 10 6 
FIGURE 4-6 
The inclination of the zygapopheses in 
a. Alligator mississippiensis 
b. Steneossilru sp. 6a 
C. Balaena sp. 
(taken from Krebs 1962, Fig. 
\ YX / 
111,11,1444 
FIGURE 47 
The outcrop of the Oxford Clay in Britain, showing the 
location of the major sections examined and sampled 








The ýonal sequence of the Callovian Stage, of North 
West Europe (after Callornon 1968 and Duff 1975). 
--. . -I el in7e-lklc 
DlVlsl()N 
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S. calloviense KELLAWAYS 
calloviense 
Proplanulites koenigi ROCK 
0 M. kamptus KELLAWAYS 
Mocrocepholites CLAY 
macrocepholus 
M. macrocepholus UPPER 
ICORNSDA'ý" 
FIGURE 53 
Distribution of the ten biofacies at each of the four 
Midlands quarries (after Duff 1975)- 
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FIGURE 54 
Thicknesses of jason Zone sedLrients and the suggested 
form of the London Platform coastline during jason 
Zone times. 
Oxford Clay outcrop 
9 Borehole thickness 
Cretaceous unconformable on 
Silurian or Devonian strata 
. 0. C. Lower Oxford Clay thickness 
jason Zoric thickness 






The classification system for spores (after Dettman 1963). 
FIGURE 56 
The classification system for pollen grains 
(after Dettman 1963). 
DIAGNOSTIC CATEGORY RANK 
FEATURE 
PROXIMEGERMINATES ANTETURMA 
APETURE TRILETES MONOLETES TURMA 
WALL PERINO- ACAVATO- PERINO* SUPRA- 
STRATIFICATION ACAVATRILETES TRILETES MONOLETES ONOLETH SUBTURMA 
L6 
ui tn uj 
EQUATORIAL 
ui 
--I uj -. j 
FEATURES 
SUBTURMA 
0 0 z 




, 0 0 
5 Z) 
z 








iii Z 5 
T < ce 
CL 
11c, 
DIAGNOSTIC CATEGORY RANK 
FEATURE 
VAR I EGER MI NATES ANTETURMA 
APETURE-, 
;7 
TYPE ALETES SACCITES PHCATES POPOSES TURMA ýýPRESENCE 
OF SAGGI 
LLJ Lu 4j) SUBTURMA 
ui 
L) Lu CL 
uj 
z 






z 0 u 0 0 
z 0 z z z 
N 0 -J 0 0 0 
< It It 
FIGURE 57 
A qualitative representation of trends in spore, pollen 
and microplankton abundance in relation to shoreline 
position. 
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Palynological assemblages from the matrix obtained from 
the following specimens: 
678 disarticulated centrum, Metriorhynchus sp. 
W. H. 
V1011 fragmented skull, Metriorhynchus sp. 
H. M. (U. G. ) 
R10 skull with articulated mandible, M. superciliosum 
C. M. P. 
R135 skull w, ith articulated mandible, Metriorhynchus 
sp. C. M. P. 
R20 skull with articulated mandible, M. superciliosum 
C. M. P. 
R17 skull with associated limb bones, 
M. superciliosum C. M. P. 
677 disarticulated centrum, MetriorhynChus sp. 
W. H. 
M Metriorhynchus specimens S Steneosaurus specimens 
R179 skull with articulated mandible, S. leedsi 
C. M. P. 
R178 almost complete skeleton, S. obtusidens 
C. M. P. 
R175 almost complete skeleton, S. durobrivensis 
C. M. P. 
663 disarticulated centrum, Steneosaurus sp. W. H. 
668 associated but disarticulated bones, 
Steneosaurus sp. W. H. 
Km1 partial skeleton, Myeterosuchus sp. M. B. 
CY C. ) 
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Sampling intervals in the jason and coronatum Zones 
(after Woollam 1977). 
FIGURE 59 b 
Relative frequencies of microplankton to miospores in 
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The comparison between the Callovian succession at 
Scarborough (Castle Hill), Malton (P . eckondale Hill) 
and central and southern Drigland (after Wright 1968 a and b) 




























































































Comparison of miospore and microplankton ratio data for: 
Y- Yorkshire (Sarjeant 1961), E74 - East Midlands 
(Woollam 1977), D- Dorset (Sarjeant 1962 b), 
N- Normandy (Sarjeant 1968), no information 




































Hallam & Sellwood (1975) 
Gallvis & Cox (1977) 
IlUrsich & Sykes (1977) 
present work 
Oxford Clay outcrops: 
Y Yorkshire coast 










Localities in the area north of Oxford studied by Palmer & 
Jenkyns (1975) at which the laminated micrite is seen at 
the top of the White Limestone - with an indication of the 
probable extent of the supratidal horizon. Also showing 
sections across the region. Line x marks a litho- 
stratigraphical boundary (after Palmer & Jenkyns 1975 
'fig. 4). 
Details of localities - 
A Stowe Nine Churches 
B Roade 
c Stratton Audley 
D Ardley 
E Greenhill 
F Long Harborough Station 
G Witney 
H Shilton 
v Shipton Cement Works 
U Gibralter Quarry 
T Kirklington Old Cement Works 
W Breakspears. Quarry 
(from appendix 1 (Palmer & Jenkyns 1975)). 
Faersion horizon absent at the top of the 
White Limestone. 
+ Finersion horizon present at the top of the 
White Limestone. 
Probable boundary of island barrier. 
IN!, 
KEY TO FIGURE 63 
Ssamigm Bioclastic limestone 
MMA . 
Cross-bedded calcarenit6s 
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FIGURE 64 
A reconstruction of the palaeogeography of southern 
England at the end of White Limestone times (after 
Paliner & Jenkyns 1975, the outline of the London 











Line drawings of the palynomorphs considered in this study 
(where the source of reference is indicated as follows): 
G. F. The Genera File of Fossil Spores 
(Jansonius & Hills 19? 6) 
T. W. Photomicrograph, Windle pers. comm. 
(19? 9 - 80) 
P. S. Photomicrograph, present study 
Couper (1958) 
Sarjeant (1972) 
1. Calamospora G. F. 
2.. Retusotriletes G. F. 
3. Krauselisporites G. F. 
4. Stereisporites T. W. 
5. Todisporites T. W. 
6. Biretisporites T. W. 
7. DeltoidospOra P. S. 
8. Mantonisporites G. F. 
9. Triplanosporites T. W. 
10. Cibotiumspora G. F. 
11. Obtus-ýsp6rls P. S. 
12. Concavisporites P. S. 
13. Osmundacidites T. W. 
14. Baculatisporites G. F. 
15. VerruCosisporites G. F. 
16. AnAp_iculatisRorites T. W. 
17. Concavissimisporites P. S. 
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19. Rubinella G. F. 
20. Leptolepidites G. F. 
21. Uvaesporites G. F. 
22. Neoraistrickia G. F. 
23. Ceratoaorites G. F. 
24. Lycopodiaeidites Couper (1958) 
2.5. Lycopodiumsporites P. S. 
26. Staplinisporites P. S. 
27. Foveosporites G. F. 
28. Sestrosporites G. F. 
29. Ischyosporites P. S. 
30. Gleicheniidites T. W. 
31. Densoisporites T. W. 
32. Neveisporites G. F. 
33. Polycingulatisporites G. F. 
34. Durlexisporites G. F. 
35. Contignisporites G. F. 
36. Leavigatosporites G. F. 
37. Punctatosporites G. F. 
38. Ina-perturopollenites P. S. 
39. Callialasporites P. S. 
40. Callialasporites P. S. 
41. Callialasporites P. S. 
42. Cerebropollenites P. S. 
43. Cycadopites G. F. 
44. Perinopollenites P. S. 
45. Alisporites P. S. 
46. Pityosporites P. S. 




































48. Vitreisporites G. F. 
49. Parvisaccites T. W. 
50. Exesipollenites P. S. 
51. Classopollis P. S. 
52. Eucommodites T. W. 
53. Ephedrapollenites G. F. 
54. Gonyaulacysta P. S. 
55. Lithodinia Sarjeant (1972) 
56. Endoscrinium Sarjeant (1972) 
57. Adnatosphaeridium P. S. 
58. Sentusidinium P. S. 
59. Sentusidinium P. S. 
60. Pareodinia P. S. 
61. Ctenodinium P. S. 
62. Valensiella T. w. 
63. Ellipsodictý_ T. W. 
64. Caligodinium P. S. 
65. Tamanitid T. W. 
66. Leiopphaeridia P. S. 



















Clay excavation from Calvert London Brick Company Pit 








Variation in the form of the dorsal scutes in specimens 
belonging to S. obtusidens and S. durobrivenSi5. 
ai R3169 S. obtusidens 
ii R3168 S. obtusidens 
bi R2865 S. durobrivensis 
ii R3701 S. durobrivensis 
N. B. All R numbers refer to the B. M. (N. H. ) collection 
except where indicated. 

PLATE 3 
Variation in the fonn of the tooth crown in specimens 
A R39 (C. M. P. ) 
B R39 (C. M. P. ) 
C R178 (C. M. P. ) 
D R178 (C. M. P. ) 
E R17.5 (C. M. P. ) 
F Rl (C. M. P. ) 




The form of the tooth crowns in S. durobriven-sis 
R3701, where the white arrows indicate replacement 
teeth of particular interest. 

PLATE 
The form of the tooth crowns in S. durobrivensis 
R2075, 
'T b. i 
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The form of the tooth crowns in Steneosaurus. sp. 
19.96. G12 a (N. M. W. ) 
-191019 
PLATE 
The range in morphology of the humerus in: 
A R2617 M. nasutus (left humerus) 
B 1 S. M. M. nasutus (right humerus) 
c R3701 S. durobrivensis (left humerus) 
D 1 M. B. Mycterosuchus sp. (left humerus) 
N. B. There is not preservation of the same side of the 









The form of the neural spines in the caudal vertebrae in 
1 M. B. 
R3892 
1 S. M. 
1407 "Lwlwý 
,o 44 
1 1-1 ýr e, 








The form of the dorsal scutes in 
A1M. B. Mycterosuchus sp. 
B1S. M. M. nasutus 
C R2617 M. nasutus compared with R3806 S. leedsi 
(nearest the scale ruler) 
I 111 1111111 1 111 1 111 11111 11111 Is It III III III if 111111 IIArIIJuq Jill IIIII it 111141trVIVITIf tip 
34567e9 110 11 12 
1 
PLATE 11 
The development of ornament on the frontal and 
prefrontal. bones in: 
a R2081 M. laeve 
b R3015 M. laeve 
c R4762 M. laeve 
d R3899 M. leedsi 
e R3804 M. cultridens 
f R3016 M. 
_superciliosum 
9 R2054 M. moreli 




Development of ornament on the frontal and 
prefrontal bones in: 
a R2036 M. sup erciliosum 
b R2058 M. sup erciliosum 
c R20Lýj M. sup erciliosum 
d R2053 M. sup erciliosum 
e R6859 M. sup erciliosum 
f R2o65 M. superciliosum 

PLATE 13 
The development of ornament on the frontal and 
prefrontal bones in: 
1. R? 2 M. leedsi (C. M. P. ) 
2. R? M. superciliosum (C. M. P. ) 

PLATE 14 
Development of the cranial ornament in: 
R180 (C. M. P. ) M. suDerciliosam 




The orn&-, )ent of the frontal, prefrontal and nasal 
bones in M. casamicuelai. 

PLATE 16 
The range of cranial morphology in the Callovian. 
species: S. leedsi. 
This species incorporates the following specimens 
(from top to bottom of the plate): 
R3168 (S. obtusidens) 
R3320 (S. leedsi) 
J1420 (S. depressus) O. U. M. 
R2617 (M. nasutus) 
=. A 
PLATEI 17 
The range of cranial morphology in the Callovian 
speciess: S. leedsi. 
This speciez incorporates the following specimens 
(from top to bottom of the plate): 
1ý38o6 (S. leedsi) 
R3701 (S. durobrivensis) 
RMA (S. hulkei) 

PLATE 18 
Ae rcinge of cranial morpholoCy in the Callovian 
cpccies: S. leedsi. 
This species incorporates the following specimens 
(fro, -, i top to bottori of the plate): 
J1420 (S. depressus) 
1075 C-M-P. (S. durobrivensis) 
R1? 8 C. M. P. (S. obtusidens) 
1 S. M. (M. na--utus) 

PLATE 19 
The range of cranial morphology in the Bathonian 
steneosaurs: (pls. 19 - 21). 
J1403 O-U. M. S. boutilieri, dorsal and palatal views 

PLATE 20 
J29851 O. U. M. S. meretrix, dorsal and palatal views 

PLATE 21 
J1414 O. U. M. S. megistorh_ynchus, imperfect mandible 
J29350 O. U. M. S. meretrix, dorsal view 
J1401 O. U. M. S. boutilieri, imperfect skull 

PLATL 22 
The range of cranial morphology in the Callovian. species* 
M. suT)erciliosus. 
'Mir, species incorporates the following specimens 
(from top to bottom of the plate)i 
R2031 (M. laeve) 
R 152 c) (1-1. su-ocrciliosum) 
R3015 (M. laeve) 
R2054 (M. moreli) 

PLATE 23 
The range of cranial morphology in the Callovian. species: 
M. superciliosus. 
This upecies incorporates the following specimens 
(from top to bottom of the plate): 
R3540 (M. leedsi) 
R6860 (M. moreli) (two views) 

PLATE 24 
The range of cranial morphology in the Callovian species: 
M. brachyrh)Mchus. 
This species incorporates the following specimens 
(from top to bottom of the plate): 
R3700 (M. brachyrhynchus) 
R2618 (M. durobrivense) 
R3541 (1-1. cultridens) 

PLATE 2,5 
The range of cranial morphology in the Callovian species: 
M. brachyrhynchus. 
This species incorporates the following specimens 
(from top to bottom of the plate): 
R3699 (M. brachyrhynchus) 
R3321 (M. durobrivense) 

PLATE 26 
Variation in the development of the pterygoids, in the 




The right pectoral girdle in (left to right): 
Metriorhynchus, Steneosaurus and Alligator 
The arrows indicate the reduction in the development 
of the acromion process and the limited convexity of 
the proximal portion of the coracoid. 

PLATE 28 a 
The left humerus (front view), radius and ulna 
(inner side) of Steneosaurus. 
x- the articulating surface 
y- deltopectoral crest 
the arrow indicates pitting, striae and swellings 
along the dorsal border. 
b 
Comparison of the morphology of the left radius and 
ulna in Steneosaurus (left) and Alligator. 
C 
Comparison of the morphology of the left humerus 
(from behind) in (left to right) 
Mycterosuchus, Metriorhynchus. Steneosaurus and Alligator. 

PLATE 29 
A comparison of the morphology of the glenoid in 
(left to right) Metriorhynchus, Steneosaurus and 
Alligator in a lateral view of the right pectoral 
girdle, also showing the development of the coracoid 
notch in Metriorhynchus -X 
jo 40 so so 70 to go lug 
PLATE 30 




The right forelimb in Ichthyosaurus Oj x natural size) 

PLATE 32 
A. The outer lateral view of the left pelvic girdle 
in Stene_ocaurus,. 
B. A morphological comparison between the outer 
lateral view of the left pelvis in Alligator, and the 





A. A morphological comparison between the left 
pubes in (left to right) Steneosaurus, Metriorhynchus 
and Alligator. 
A morphological comparison between the left ischia 
in (left to right) Alligator, Steneosaurus and 
Metriorhynchus. 
mrn 10 20 30 40 50 40 70 60 90 160 
, 1ý0 I" 140 lio 140 I's 460 16,0 
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PLATE 34 






The morphology of the astragulus (a) and calcaneum (cl) 









The form of the sacral ribe and vertebrae in Metriorhynchus (M) 
and Steneosaurus (S) 
PLATE 37 
The gradient at which the ischia join in the pelvic 
girdle of Allirator (anterior view) and Steneosaurus. 
,11111, 
. 31 
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PLATE 38 
The caudal vertebrae in Metriorhynchus, showing the 
form of the neural spines at the dovmward tail flexure: 

PLATEs 39 - LA 
Representative spores and pollen grains, and 
dinoflagellates from the Middle Callovian - 
(Lower Oxford Clay) from the East Midlands. 
All specimens x 500 (with the exception of pl. 44 
figs. 8 and 10 which are x 400). 
PLATE 22 
Fig. 1 Triplanosporites 
Fig. 2 Staplinisporites 
Fig. 3 Staplinisporites 
Fig. 4 Concavisporites 
Fig. 5 Iýcopodiumsporites 
Fig. 6 Obtusisporis 
Fig. 7 Obtusisporis 
Fig. 8 Uvaesporites 
Fig. 9 Neveisporites? 
Fig. 10 MantonisRorites 
Fig. 11 Deltoidospora 
Fig. 12 Deltoidospora 
Fig. 13 Concavissimisporites 

















Fig. I Coneavissimisporites 
Fig. 2 Coneavissimis-oorites 
Fig. 3 Concavissimieporites 
Fig. 4 Ischyosporites 
Fig. Ischyoaorites 
Fig. 6 Ischyosporites 
Fig. Ischyosporites 
Fig. Concavissimisporites 
Fig. 9 Iýycopodiacidites 
Fig. 10 I-geopodiacidites 
Fig. 11 Tjycopodiacidites 
Fig. 12 Spore indet. 
PLATE 41 
Fig. 1 Perinopollenites 
Fig. 2 Perinopollenites 
Fig. 3 Perinopollenites 
Fig. 4 Cerebropollenites 
Fig. 5 Gerebrorpollenites 
Fig. 6 Cerebropollenites 
Fig. 7 Pityos, 
_poritL-S 
Fig. 8 Alisporites 
Fig. 9 Alippprites 
Fig. lo Alisporites 
Fie. 11 Classopollis 






























Fig. 1 Classopollis 
Fig. 2 ClassoTollis 
Fig. 3 Callialasporites 
Fig. 4 Callialasporites 
Fig. 5 Callialasporites 
Fig. 6 Callialasporites 
Fig. 7 Exesipollenites 
Fig. 8 Exesipollenites 
Fig. 9 Exesipollenites 
Fig. 10 Inaperturopollenites 
Fig. 11 Inaperturopollenites 
Fig. 12 Ina-perturopollenites 
PLATE 43 
Fig. 1 Ctenodinium 
Fig. 2 Ctenodinium 
Fig. 3 Ctenodinium 
Fig. 4 Gonyaula cysta 
Fig. 5 Gonyaulacysta 
Fig. 6 Gonyaulacysta 
Fig. 7 Adnatosphaeridium 
Fig. 8 Adnatosphaeridium (detached operculum) 






























4 .1 or 
9 







Fig. 3 Sentusidinium 
Fig. 4 Sentusidinium 
Fig. 5 Sentusidinium 
Fig. 6 Sentusidinium 
Fig. 7 Sentusidinium 
Fig. 8 Pareodinia 
Fig. 9 Pareodinia 
























Silts and silty clays 
Lwinated bituminous shale 
Shell beds 



















mmm Meleagrinella shell bed 
FIGURE 49 
The correlation between the relative percentages of 
spore, pollen and microplankton groups and the lithology 
and invertebrate faunas in jason Zone and obductum 
Subzone sediments at Peterborough. 
FIGURE W 
The-corre-lation between the r&lat IiIv.. percentage .s of 
spox`e-, ýpollen. and microplankton groups and the lithology 
and"invertebrate faunas in jason Zone and obductum 
Subzone sediments at Stewartby. 
ýFIGURE 
51 
The correlation between'the relative percentages Of 
spore, pollen and microplankton groups and the lithology 
and invertebrate faunas in jason_Zone and obductum 
Subzone sediments at Bletchley. 
FIGURE . 52- 
The-corr6lation between the relative percentages of 
spore, 'pOllený'and . micropl I anký6h groups I and . -th Ie lithology 
and invertebrate faunas in Jason Zone and obductum 
Subzone sediments at Calvert. 
" ". ". 
-. 
FIG . 49 
PETERBOROUGH Ck. LITHOLOGY 
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